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The South as Host 
to the Institute 


A generous share of Southern hospitality is promised 
all who attend the convention in Birmingham, April 
7-11. The technical program presents an interesting 
and diversified group of papers. Of particular value 
will be the presentation of practises in various sections 
of the country which will offer a valuable opportunity 
for comparison. Water power, transmission and allied 
subjects will occupy a prominent part of the program 
and there will be excellent papers on mining ap- 
plications, metallurgical applications and machine 
developments. . 

A special program on the broader phases of power 
development and interconnection is planned for Tues- 
day evening. The speakers will be men of national 
prominence and their addresses will afford valuable 
information on national power problems. 

Birmingham offers many inducements to visiting 
engineers, situated as it is in the center of coal and iron 
regions, close to water power sites and tied by trans- 
mission lines to one of the longest interconnected 
systems. ‘Trips are being planned to the interesting 
places in the neighborhood. 

Two country clubs with excellent golf courses will 
add to the pleasure of visitors and a number of delight- 
ful social features are being planned. A genuine 
Southern barbecue will probably be arranged as an 
irresistible inducement. 

A complete announcement of the convention will be 
found on page 278. 


European Engineering 
Meetings 


The attention of the membership is directed to a 
more detailed announcement published elsewhere in 
this issue regarding the various engineering and related 
meetings to be held in London and on the continent in 
July of this year. 

These various events, and the special transportation 
arrangements that have been made, offer to American 
engineers and their families an opportunity to visit 
England and the continent under unusually favorable 
conditions from both a professional and a recreational 
standpoint. 
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American members who contemplate attending are 
urged to notify the Secretary of the Institute promptly. 


Research Committee 
Studying Insulation 


The study of insulation problems is the subject to 
which the Research Committee is at present devoting 
most of its efforts. This committee, it may be pointed 
out, serves also as an advisory committee on electrical 
engineering to the National Research Council. In 
this relationship the Committee has directed its princi-- 
pal attention to questions of electric insulation, and 
many of its members are also members of the Com- 
mittee on Electrical Insulation, Engineering Division, 
National Research Council. 

The present outstanding question is as to how the 
plan for work as announced by the Committee on 
Insulation can be best furthered and hastened. During 
the present year chairmen of sub-committees on each 
of the eight topics listed in the Problem of Insulation 
as published,* have been appointed, and in addition to 
this a number of volunteers have been obtained for the 
work on these sub-committees. The sub-committees 
plan to make a comprehensive review of all past work 
done in connection with their several subjects, and the - 
ultimate plan of the Committee on Insulation and the 
Research Committee of the Institute is to collect and 
coordinate all of this information in an authoritative 
review of past work on the subject of insulation, and 
to outline a plan for further experimental attack leading 
to a better fundamental knowledge of the phenomena 
involved in insulation processes. : 

The Committee has rendered material assistance in 
the securing of a grant of money from the Hecksher 
Foundation for experimental work in the field of 
insulation under the direction of Professor Karapetoff 
at Cornell University. The Chairman is also acting 
in an advisory capacity in connection with several 
other lines of experimental: work. The Committee 
for the present, however, is directing its principal 
efforts to the review of the literature outline above. 


Plans of the Industrial and 
Domestic Power Committee 
The work of the Industrial and Domestic Power 
Committee this year has consisted largely in investiga- 
*JournaL A. I. E. E., June, 1923. 
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tions of specialized equipment and systems for use in 
a number of industrial fields which at the present time 
offer wide opportunities for the application of electrical 
power. . 

It is the plan of the Committee to secure at least one 
session per year at an Institute meeting, at which will 
be presented papers on a particular application coming 
under the Committee’s jurisdiction. In addition, the 
Committee desires to arrange for several Section meet- 
ings, each of these meetings to deal with a type of 
application that is particularly active in the section 
of the country where the meeting is held. 

Among the numerous applications coming under this 
Committee the following are those which have been sug- 
gested for meetings: 

(a) The Sectional Paper Machine Drive. 

(b) The Wood Working Industry. This is particu- 

- larly active in the neighborhood of Seattle and Portland. 


(ec) Electrical Equipment in Public Buildings. 


(d) Electrically Operated Oil Wells, both Drilling 
and Pumping Features. These applications are es- 
pecially active in the neighborhood of Los Angeles and 
in Texas. 

(e) The Synchronous Motor for Industrial Drive. 
This should cover the recent developments in the design 
of synchronous motors as well as the automatic control 
suitable for various applications. 


One important piece of work done by the Committee 
was the presentation of two papers on electric elevators 
at the Midwinter Convention in February. Another 
contribution was a paper on ventilating fans, presented 
before the New York Section in November. The 
Annual Report of the Committee, which is now under 
preparation covers the subjects outlined above, as well 
as others, and should be an interesting summary of the 
progress of the development of industrial and domestic 
power applications. 


Some Leaders 
of the A. I. E. E. 


NORViN GREEN, the first president of the Institute, 
was born in New Albany, Ind., April 17, 1818. While 
he was quite young his family removed to and settled 
permanently in Kentucky. In the year 1840 he 
graduated with honor from the Medical Department of 
the University of Louisville, later being appointed 
physician in the western Military Academy at Drennan 
Springs, Ky. 

Dr. Green served several terms in the Kentucky 
legislature, and in 1853 was appointed Commissioner 
of the United States in charge of the construction of 
National buildings in Louisville. 


While engaged in the duties of this appointment he 
became one of the trustees of the United Morse and 
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People’s Telegraph lines extending between Louisvill? 
and New Orleans. Later he was elected president of 
these interests which were united under the name of 
the South Western Telegraph Company. 

In the year 1866 when the American, United States 
and Western Union Telegraph lines were consolidated 
into a single system Dr. Green became vice-president 
of the enlarged organization, advancing to the position 
of president.on April 22, 1878, where he remained until 
the time of his death in the year 1892. 

He served as the first president of the A. I. E. E., 
continuing in office throughout the years 1884, 1885 and 
1886. 


Economies in the 
Electrification of Ship 


The wisdom of the policy of the Shipping Board in 
promoting the conversion of steam driven cargo vessels 
to motor ships is illustrated by the fuel economies shown 
during a 13,329-mile voyage from New York to the 
Pacific Coast by the motor ship Seekonk recently 
converted to Diesel drive. 

An article in the Marine Journal for February 23d 
shows that the fuel oil consumption per day over the 50 
days run was reduced from 29 tons to 7.52 tons. 

Of special interest is the saving due to the use of 
electric drive for the cargo handling and other auxilia- 
ries when in port, the steam auxiliaries requiring before 
the change 7.5 tons of fuel per day which was reduced 
by electric auxiliaries to 0.7 ton. The above figures 
show that practically the same amount of fuel was 
required in port before conversion as is now required 
to drive the ship at 10.29 knots, a speed of over a ~ 
quarter of a knot faster than called for by the original 
steam equipment. ; 

Aside from the direct fuel saving with the use of 
electric auxiliaries there will be a material gain from 
the reduced costs of maintenance of the electric system 
as compared with a steam system, and in this vessel 
the change from a steam to an electric system of hand- 
ling of auxiliaries will be sufficient to pay for the costs 
of the change in about three years. 


Are Engineers 
too Modest? 


In an address by Chairman C. T. Allen of the Western 
Centre of the British I. E. E. he takes engineers to task 
for their modesty and lack of self assertiveness in the 
following language: 

“In this connection, a universal defect of engineers 
is their lack of appreciation of the Press.... The engi- 
neer up to the present has been too silently doing his 
work; but add to his training the art of self-expression, 


and nothing can prevent him from taking his place at 
the head of affairs.’ 
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~The Multiple-Radial System of Cooling Large 


Turbo-Generators 
BY DONALD BRATT 


Formerly with Power Engineering Dept., Westinghouse Electric and Mfg. Co. 


Review of the Subject.—The paper discusses the theoretical 
basis of a special turbo-gencrator ventilation system, in which the 
cooling air divides into several branches, and passes through the 
stator core radially in and out. 


An extended series of experiments on a full-size model, embody- 
ing this system, has lately been carried out by the W estinghouse 
Co. The tests are described in a paper by C. J. Fechheimer under 


the Title: “Experimental Study of Ventilation of Turbo- 
Alternators.” 


The fundamental questions in regard to the flow of air in any 
ventilation system are: 


1. How high pressure is required to force through a certain 
volume of air per unit time? 


2: How will the air distribute, axially and radially, in the 
different intake and discharge vents? 


8. What will be the “balanced state’’ of flow, if several branches 


DESCRIPTION OF SYSTEM AND STATEMENT OF PROBLEM 


IGURE 1 illustrates the radial system of ventilation 
K diagrammatically. 

The fans F F which areattached tothe rotor Rset 
up a static pressure in the end-bells HE. As a result 
the air, taken in by the fans at aa, is forced to flow 
through the system by way of 7 or g. g is the air gap, 
Z is a duct back of the core, leading to several intake 
sections IJ in the core, in which the air travels radially 


inwards, dividing in the gap and discharging over the 
sections D, which are in communication with the 
external atmosphere at 0. 

The iron core is assembled as usual in packages, 
leaving equi-distant vents axially, in which the air 
alternatively enters and discharges. The arrows indi- 
cate the direction of flow. 

It is of great importance to know how much air will 
pass the total system at a given static pressure in the 
end-bells. 

Also, it is necessary to know how the velocity of the 
air is distributed, as this is of paramount importance 
relative to the temperature of the iron. 


Presented at the Midwinter Convention of the An thy TB La 
Philadelphia, Pa., February 4-8, 1924. 


of air meet and divide in a tube, the intake and discharge taking 
place normal to the walls of the tube? 

These questions are given a thorough analysis, wnder certain 
simplifying assumptions, and it is shown that 

1. The total pressure required for a certain volume of air per 
unit tume is expressible by means of hyperbolic and trigonometric 
cotangents of a certain argument, which contains the geometrical 


dimensions of the atr-circuit. 

2. The air is distributed according to a simple hyperbolic or 
trigonometric sine-law. 

3. The “balanced state’ depends on the solution of a system 
of simultaneous transcendental equations. 

A method of solution is outlined, which is applicable for such 
cases where the arguments are small. In such cases the trans- 
cendental equations reduce to simple algebraic equations. 

A numerical example is finally worked out in order to show the 
application of the derived formulas. 


Any attempt to answer these questions exhaustively 
would necessarily present very great mathematical 
difficulties. This is particularly evident, as the air in 
the gap is partly carried along by the rotation of the 
rotor. It will first of all be necessary, therefore, to 
neglect the influence of this rotation, which means the 
same as to assume that the static pressure in the end- 
bells is furnished by separate external fans. It has 
been conclusively proved, by actual tests on a full- 
scale model, that the influence of the rotation on the 
total volume of air passing is small, and also that the 
rotation tends to equalize the velocity in the different 
vents axially. Thus, the temperature in the iron is 
probably more evenly distributed under running 
conditions due to the effect of the rotation, so that our 
assumption errs on ‘‘the safe side.” 

The fundamental law, governing the flow of an 


iae, 


incompressible fluid is the one first expressed by 
Bernoulli, stating, that the sum of static head, velocity 
head and losses, counted from some chosen origin 
and in the direction of the flow, remains constant. 
It follows from this, that for any particular circuit 
ow (Fig. 2) we can put the total pressure drop from 
o to x proportional to the mean air velocity-square at 
x: the constant of proportionality depending, of course, 
on &. 
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Let P = total pressure-drop from o to x 
p = static pressure at x 
v = velocity at x 
y = density of fluid 
g = acceleration of gravity. 


then, at any point x we have 


Y y Ea 
1. p+ + 2) (losses) = Const. 
29 i 
z y 
2. P = losses = k X 
0 29 


The velocity » denotes the volume air per unit time 
divided by the cross-section at the particular point in 
question. Hence, no attention is paid to the fact, that 
the air velocity may vary across the section. 

The loss in total head is neglected. Hence, the 
Bernoulli equation may be written: 


2 


Disc = const. 


ay: 
29 

This is necessary in order to obtain reasonably simple 
results. (Some additional remarks on this particular 
assumption will be found below). 

It is further necessary to assume that the air behaves 
like an incompressible fluid, that is, that the ‘‘principle 
of continuity” holds. 

This is comparatively justified, since the total 
atmospheric pressure is about 405in. water, and the 
total pressure drop in a ventilation-system of this kind 
rarely would have to exceed 15 in. water, or 3.7 per 
cent of the total pressure. 

The balanced state of flow in a multiple-circuit 
system will, for its solution, depend on the solution of 
the air distribution in every particular branch, each 
branch consisting of one intake and one discharge- 
length. It is, therefore, necessary to treat one such 
circuit for itself, assuming the intake- and discharge- 
lengths etc. to be known, and then to apply the results 
to the multiple circuit. 

This involves the assumption, that there is, between 
any two air streams in the tube, a closed wall across the 
tube, against which wall there is, however, no resultant 
pressure from either side, since the flow is balanced. 

It is evident that such balanced points must exist 
in a multiple system, but it is difficult to say to what 
extent the conditions would change, (if they changed 
at all) if partition-walls were actually introduced. 

It is, finally, necessary to assume a constant intake 
and discharge area per unit length of the gap axially, 
in order to apply the methods of calculus. This 
fictitious intake and discharge area per unit length is 
taken equal to the total cross-section area of one vent- 
eircle axially, at the minimum cross-section, divided 
by the length of one iron package + one radial vent- 
width axially. 

The preliminary problem has now been reduced to 
that illustrated by Fig. 3. A tube of, say, circular 
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cross-section, closed at both ends, is to a certain length 
inserted in a pressure-chamber, while the rest of the 
tube protrudes into the surrounding atmosphere. 
The tube is perforated, giving a constant intake and 
discharge area per unit length of the tube. 

It is required to determine the total volume of air 
passing the tube at a given pressure in the chamber, 
also to determine the law for the air distribution 
axially. 


ASSUMPTIONS MADE TO SIMPLIFY PROBLEM 


It is, perhaps, profitable to summarize the assump- 
tions that have been discussed above. 

a. The effect of the rotation is neglected. 

b. The variation in air-velocity across the gap, or 
any other cross-section of the system, is neglected. 

c. The loss of head in the gap (or tube) is neglected. 

d. The air is incompressible. 

e. At any such point in the air gap, where one 
incoming stream of air divides, or two streams meet, 
a closed wall is assumed to exist. 

f. A uniform intake or discharge-area per unit 
length of gap axially is substituted for the actual, 
non-uniform area. 


LIST OF SYMBOLS (FIG. 3). 


x = axial coordinate of intake-belt 

i ‘: “ discharge-belt 

p = Static pressure in tube at x or y 

bv = axial air-velocity at x or y 

V = intake or discharge air-velocity at x or y 

a = uniform cross section area of tube 

s = uniform intake or discharge area per unit length! 
P =external pressure (in intake pressure-chamber) 

y = density of air 

g = acceleration of gravity 


P—p 
c; = intake-coefficient, defined by equation = Oo ao aie 7 
, v2 
cd = discharge- P/y =Cd X oe 


L 


i = length of intake-belt 
[Gh = “ discharge-belt 
1. The length-unit will henceforth be taken as one vent-pitch axially. 
Note: The constants c; and c, deserve special 
attention. The definition 
P—» Ve P/ Ve 
——————-—- — C; x —————-__ + —_ Ca x . 
iy oie Ne u eo 


means, that the intake air-velocity V can be put 
proportional to the square-root of the drop in static 
pressure from the pressure-chamber to the air in the 
tube, and that the discharge air-velocity likewise can 
be put proportional to the square-root of the drop in 
static pressure from the tube to the atmosphere. 
The numerical value of c; and cz can be determined 
from the dimensions of the vents in the teeth; the 
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method of calculation cannot, however, be discussed 
in this paper. 


DERIVATION OF FORMULAS FOR INTAKE AND DISCHARGE 


a. Intake. Consider the flow along the axis of the 
tube! By virtue of the assumptions, we must have the 
sum of the static head and the velocity head constant 
at all positions: 


y2 
p/Y + oe const. (1) 
But from definition of c, we have 
P—»p 2 
Oe er (2) 
So that 
Py = P/y— eX i. 


Substitute in equation (1), we get 


: y2 y2 
ry. EE og Big = const. 
and by differentiation 
dv dV 
get Oe: V ie 0 (3) 


(observing that P/y and 2g are constants.) 
In addition to equation (3) we have the obvious 
condition that the increase in axial velocity over the 


infinitesimal length dx shall correspond to the air . 


taken in over d x (principle of continuity.) 
; C00 =s Vax 


(4) 


: eit 
or = Se targa 


dV ; dv 
dat et a x Ox 
Substitute this expression in (3) then 
dv dv do ; 
ae Ee Pe paces = (ir l 
are c;a/s Te a/s ve 0; or, simpler 

d? v < 

ae —— = 5 

Co 407 ¢; se hese0 (5) 


G20 5 
This equation is linear in v and ring t it has “constant 


coefficients,” and its solution is well-known to be: 
~ 9% a, ake 


Ci ave 
Met A eu Be a 


(6) 


A and B are the two integration constants to be 
determined. 
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Initial conditions: 
forsi= 0" Mput v = % 
“¢=L; wehavev = 0 
Thus 
v1 = A =f B 
SLi om 
0 = Aen +Be a 
SLi _ SLi 
Beat A Oi A en (oA Vokes 
— SLi SLi SES 
A ae (v9 € ae) : (Ce y es 
Sli SLi _ SL. 
Bia (tebe (Cree iy 
Substituting in (6) thus 
S(Li =x) 
@ ava 
OY = Sy OS She ests + Uo 
Cavea— € ave 
S(Li —x) 
e avcGy 
x SLi SLi 
Cave — @ ave; 
which can also be written 
' ( s (L; = x) ) 
sinh \ © Bors 
Y =) X ASB a (7) 
sinh (Vas). 
By aid of (4) then, after differentiation of (7) 
cosh ( ea) 
‘ aVCi 
V = w%/Vei X ibe (8) 
sinh ( i WA ) 
and for the static pressure, by aid of (2) 
cosh ( 2 (Li = %) ) 
V0" a JSC; 
Di Lear 5 pags naif (9) 
sinh? ( i viii ) 


b. Discharge. For the axis of the tube we have again: 


y2 


p/Y +> ce const. (equation 1) 
and by definition of ¢. 
as “i 
p/Y = Ca X 29 (10) 
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Substituting, then ; or, simpler 
V2 y2 
caX py + aq = const. sin (Eee 
: a J/Ca 
By differentiation v =X diy (16) 
dV - do sin (Ges ) 
ee = hel a/c 
CaeV ry +0 ihe 0 (11) d 
In this case the axial velocity decreases as y increases, and, by aid: of (12) 
hence (compare 4). 
adv=—sVdy cos (“Se ) 
dv V = %/Vea X : vet (17) 
or Vo =-a/s—— (12) sin ( ee ) 
Y a a/Ca 
By differentiation of (12) ; d 
Finally, by aid of (10) 
dV adv : 
dy =— a/s dy? ( ) cost ( s (Li y) ) 
Substitute in (11) then ) = VX Vo" 4 a Vea (18) 
ao sin? ( ee ) 
dv d2y dv a /Ca 
ca(—a/s-7) (0/8 + v dy = 0 
: If vp is the same both for intake and discharge and p 
or, simpler (compare (5) has the same value at x = 0 and y = 0; which is, 
Pe 3? physically necessary, we may equate (9) and (18) 
St ae ae ae (14) atw=y=0. 
dy? oa thus 
The solution of (14) is well-known to be: se SA PP ; nee 
Pivy— x coth: ( = ) ey cot? ( oe ) 
: sy sy g aV/Ci 2g aV/Ca 
» = Asin ( H ) + Beos(—% ) (15) 
a~/Ca a V/Ca or 
nan oe L; sL 
Initial conditions: jp Vo" [ pf atid Ss 2 sh | 
Mer 29 coth ( a/e; ) + cot ( a /Ca ) 
fory =0 put Vv = UV 
“y = Lawehavev = 0 : eke 
Santini ta Ope aie Equation (19) determines v2) when P, L; and Ly are 
known. 
woods : s La S La Note. The appearance of trigonometric functions 
%=B;0=A sin ( OE ) ip ae) cos ( a ) in the formulas for the discharge deserves special 
attention. 
ae We must have V positive for y = 0 (meaning dis- 
cos ( =) charge) hence it is necessary that- (s La) : (a V/ca) 
Aga a Va Ree ae ge) 
i 4 Vo 8 iby p) = Hy 
pln ( a V/Ca ) The special case when 7 Je, — 7/2 is particularly 
)V/Ca 
Then (15) becomes interesting. Then 
= ay. : Pee oy 
cos ( EE) ol su) 0 = cos ( Te )iV = n0/Veasin( = ); 
/| i 
i Se 4 V/Ca a /Ca 
i ee p= 7 Yo" COs! (eames 
sin ( pais ) 29 a Te) 
hence for y = 0 we have V = 0; pi) 
v 0 — ( ( (G 7 rm 
+ meos( —T— ) ‘y= Ly! V = 0//eai p = ¥. 
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Ss Loa 
If, therefore, ae > 7/2 we will get V =0; 


ae = 0 for y = 0 and V will remain = 0 until such a 
y’ has been reached, that 
Is(Le— y’) 1: (@ Vea) = x /2 

From now on the static pressure starts to increase 
and the discharge begins. 

It is evident, that the idea of a discharge-tube, where 
no air escapes except over a certain length adjacent 
to the closed end of the tube, must be in conflict with 


reality. This is, however, a direct consequence of the 
assumption that there are no losses of total head in the 
tube. To overcome such losses a static pressure would 
always be necessary, resulting in a drop in static head 
from the tube to the atmosphere, 7. e., a discharge 
would always take place. 

A good mechanical analogy is represented by a weight 
which is pushed over a rough table. The friction 
makes it necessary to apply a certain force behind the 
weight, which force would then correspond to the 
static pressure. If friction was eliminated, the pushing 
force would drop to zero, and the work represented by 
the uniform motion of the weight would just equal 
the work spent to establish the motion, or the work 
necessary to stop it. 

The fundamental equation (1) would strictly have 
to be written: 


p/Y¥tort& a losses) = const. 


Assuming the losses to be proportional to the square 
of the axial velocity v and also, for a small length, 
proportional to that length, we would have 


z x 2 

> (losses) = f.X Saas 

0 0 ag 
where f is a friction coefficient, so that 


ply +o +f xX yr ee const: 
g 0 

This equation is evidently much more complicated 
than (1) and it involves an assumption, which is 
quite arbitrary, as the law for the losses is not known, 
It is, therefore, necessary to neglect the losses, that 
is, to put 


x 92 
——_dzxr=0 
fx f 29 : 
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m order, to obtain simple results. To correct the error 
resulting from this approximation, it would be necessary 
to augment the values of c; and cy. These corrections 
could only be obtained from experiments. 


SUMMARY OF FORMULAS 


Intake: Discharge: 
y= Vp : = 0, 
. sinh ( Se eae ) sin ( = ee ) 
' Sie ; 
sinh ( ie ) sin ( — ) 
Vi= vol or V = 0/Vea 
. mel) baer) 
; sL; L 
LE ee | sin ( 7—= ) 
EA TOS Se Dee Ae Bye 
cosh? — = : cos? ( : — ) 
sinh? = es out ( ia ) 
ee peer Fe ee 


CONDITIONS FOR BALANCE IN ONE INTAKE AND 
ONE DISCHARGE 
If air is taken in over a total length LZ in a tube 
similar to the above (Fig. 5) and the discharge condi- 


Lo 
Mls I, ~ >> Ly 

(P) (P) 

Se Pelilge = te oe 4 eer rain ae 

By pad Bue se coat 

hte a 
[+(2o)se (poh (4g of (A) fA — (An) =, com 
Hires 5 
Note; The quantities y » and X are here shown as lengths, but are 


really dimensionless quantities. This is done to show their relation to the 


actual lengths L, Li, ete. 


tions at A and B are different, for instance so that the 
discharging ends of the tube are different in length, 
the question arises: How will the air subdivide be- 
tween the two halves or, in other words, where is the 
axial air velocity = 0 in the tube? 
- Notations: 
P = total pressure drop 
V1 Vs maximum axial air velocities 
L = total intake-length axially 
L, L» = intake lengths corresponding to »; and v2 
1G? Ee discharge “ “ 6 “ “ 


I 
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Other notations as before. 

Consider two separate systems, and a closed wall at 
» = 0 in -the intake chamber. 

The analytical expression for balance at C is the 
identity of V at x = L, and x = L, (counted from the 
left and from the right). 

By use of equation (8) thus: 


= 7 a 
Vi/VCi X AE = o/VCi 
sinh ( os, al 
1 
x 
: L d 
P (eons 
st Waeece) 
which immediately gives 
L 
sinh ( TE 
01,302 = — cali 
j h a 
clea ( arv/c; ) 


Further, from equation (19) applied to the left and 
to the right 


fee ee aa) 
Pa Be [cote (Soe tot ( ava) ] 


Remembering L, + Ly 


= L; we get for L, the equation 
s (L— Ly) 
ar /ci 


) + cot? ( . a ) 

L Le 
Wie nee (Sg) 

L 
ae 
s (L — Ly) 
Onion ) 


coth? ( 


coth? ( 


sinh? ( 


sinh? ( 


which must be solved by some cut-and-trial method. 


Discussion. For reasons of symmetry we get, when 
(bp ID ON De Abeer AAT bp Assume L’ = 0; then 
Sela 
cot ( = ) = ws 
a~/Ca 


and we must have 


sinh ( ) = 0orL; =0 

A Ae = Or Ly = 

Similarly, when L” = 0 we must have L, =0 go 
that, when for instance L’ decreases from L’ = L” 
to L’ = 0, the balance point C will move from L, 


= 1/2L towards L, = 0, and vice versa. 


“points. 


LARGE TURBO-GENERATORS Journal A. I. E. E. 


GENERAL MULTIPLE CIRCUIT; STATEMENT OF PROBLEM 


The general problem represented by a multiple- 
radial system of ventilation is illustrated by Fig. 5. 

This is merely an extension of the case treated above, 
when there are several air-branches in the tube, and 
hence several balance-points. 

It is required to find the location of the balance- 
When these are known, the formulas for 
distribution of velocity are immediately applicable, 
and the total volume of air passing the system per 
unit time can be found. 

It must be noted, that a solution of this problem 
can only be found by some cut-and-trial method, like 
in all cases, where transcendental functions of the 
unknown occur. Nevertheless, by simplifications, a 
sufficiently accurate solution can be obtained, as will 
be shown below, for certain cases. 


List oF ADDITIONAL NECESSARY SYMBOLS 


\0/2 is a fictitious length, corresponding to the drop 
in pressure, when the air enters from the End-Bell 


into the gap. (See .Numerical Example below). 
D,L,.. .L, are given lengths 
| 
8 P=1.0" Water 5 
Fe BRRGRCEREGRRRERES euONaNHENENEaas ele tatty 
= a (A) LP) ate Ppprbe me Bg 
a Bz Ue Bos 


Fia. 6 


Note: In regard to the quantities ¢ and ¥, see note, Fig. 5. 


\o/2 = —— AL = =}; 
20 4/ C; a V/ Ca 

are thus known, dimension-less quantities. 

P = pressure in intake-chambers 

B;, («+1 = balance-points, defined by v = 0 

0,02... UV, = Maximum air velocities axially 
oi... Yn-1 Gn = unknown dimensionless quan- 
tities, determining the location of the balance-points, 
so that wo = Ao/2; gi ty =X, ete. 

Other notations as before. 


ESTABLISHMENT OF NECESSARY EQUATIONS TO 
SOLVE GENERAL PROBLEM 


With above notations, using equations (8) and (17) 
as analytical expressions for balance, and equation 
(19) for the total pressure-drop to atmosphere, we get: 


= t : 
: ies 
n/ Vea. aoe P =-3— (coth? yo 
2 + cot? ¢)) 
= V2/VWCq : ‘sin y, . 
es i 
V2/V/C;.. Sines Eee (coth? ¢. 
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iol 1 + cot? vy) 
anh ya. 
a WW Dre 
Dine ara oe = 
1/ Va es de. Ne (coth? ¢,, 
' es 1 = cots Wn-1) 
ec, 


[= (n — 1) equations] [= n equations] 
Further yo = 0/2, g1 + ¥1 = Ai, P2ty=he.. 
Gn = An/2[= (nm + 1) equations] 


Unknowns are 
— Wo V1 
Givi . Vo 
Po Yo U3 
On-1 Wn-1 
Gn.—[= 27] (=n 


There are 3 n unknowns, and (n— 1) + » + (n+ 1). 


= 3 n equations. 
The problem is thus fully determined. 


APPROXIMATE ‘TREATMENT AND SOLUTION 


If \o/2 Ai Ae. . . An/2 are small enough, we can put 
sing = g; sinhg = ¢g; also, therefore, cosg = 1; 
cosh g = 1 and the equations above will be consider- 
ably simplified. 


0:/Vea _1/¢1 


= ae Vo Or 
= 2o/Veq .1/rn C= 29 SE 
ake yo! ott yt 
= 03/V/c; . 1/Ps P= 29 os We 
othe. ae 
=e 0n/VCa . Lfaet = 24 Prt ht 
Yo= Ao/2 gity= Mi got w= Ne « ar 
Yn = dn/2 
Solution: 
Remove all the quantities 2! 
This gives, after some transformation 
$1/ Po = 1/2 Put eo = Ao/2 
p2/V1 = 2/Q3 te = Nie ¢1 
Yr = Ny — 2 
ie /Wn-2 = Wn-1/On Wn-1 ae Ma-1 — Pn-1 
Gn = An/2 
then 
21 os Ai — ¢1 2 es \2— Pe 
No (2) a MA P1 3 , 
P3 3 ss aE 
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Pn-1 2 2 (Xn-1 — Pn-1) 
\n-2 — Pn-2 iv Nn 


This is a system of (n— 1) equations necessary and 
sufficient to determine the (n — 1) unknown quantities 
CMa Cen 

A numerical example will be treated subsequently. 


NUMERICAL EXAMPLE 


Fig. 6 illustrates diagrammatically the arrangement 
of a ventilation-system in a large turbo-generator. 

C— L is the center-line axially, which constitutes 
a line of symmetry, so that the calculation only has to 
be carried through for one half of the core. 

E is the end-bell: G is the gap. R is the rotor 
surface. 

The notations will be the same as used in 10. There 
are 84 vents axially, arranged so, that 


1 = 18 vents discharge 


Is =16 “intake 
L; =16 “ discharge 
Ta Ole eintake 
Le 1859." Sdischarze 


Hence the calculation is performed for 


L, = 18 vents discharge 
fo = 16 ““antake 
iz = )S8 * “discharge 


1/2 Ly is a fictitious intake-length corresponding to 
the drop in pressure when the air enters the gap from 
the end-bell. 

The value of 1/2 Ly will be determined below from 
the assumption, that the entrance-drop amounts to 
20 per cent of the velocity-head in the gap. This 
value is found to be a good average for an ordinary- . 
shaped entrance. 

a. Value of the constants. 

From the dimensions of the machine is directly 
calculated: 

a = 2.1 ft. cross-section of gap, including the sunk 
parts of the slots. 

s = 0.2 ft.2 per vent-circle, taken at the minimum cross- 
section of the tooth-vent. 

c; = 1.30 and cz = 1.07 are values calculated from 
the shape of the slots and the teeth, number of teeth 
and shape of vent-fingers. The details of this cal- 
culation cannot be given in this paper. 

It must be noted, that c, and c; include a correction 
for the loss in total head which at the present time 
must be considered as uncertain. This example is, 
therefore, of value only as far as it illustrates the 
application of the derived formulas. 

b. Value of the arguments. 


From definition we get A; = 211.07 = 1.65; 
(Oy74 So 0.2x8 
Ae = Ee Sd he 2 
2.1 V/1.30 2 A/ 10% 
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= (0.73 is obtained from equation (9) putting x = 0. 
hence 


Y Ve s Ino Y Ve 
P-p= oth? ( = ) = coth?2 (Ao/2 
p 2 g c a Ales 2 ( o/ ) 
The pressure (P — p) has partly been converted into the 
Y V0" 


velocity-head 24 and partly been destroyed by the 


resistance at the gap-entrance, which is put equal to 


v 2 
20 per cent of 3 hence we can also put 
1D sy sae LN eis ope 
SEN tel sal Y maim 2, 
and get for \)/2 the equation 
Y 00° Y 00” 
[Ss — vs < 
ite oe 2g coth? (Ao/2) ; 
or coth? (A,/2) = 1.2 
giving A)/2 = 1500 


This would correspond to a fictitious number of 
intake-vents L,; where 


s L; 0.2 Ly 
=a Leonor 


a /C; Pe lan 130 
so that Ly, =-18.3 vents. 
c. Equations for the balance-points. 
The simplified equations determining the balance- 
points can now immediately be written up, wz. 


= 1.58 


1.65 — ¢1 1.53 (1.65 — ¢1) 
iL 5 == , => 
$1/ Co ieee o> 
go —-—s«:1.84—g | 1.58 (1.65— ¢:) 
65 —¢7 0.735 ¢1 (1.65 — ¢1) 
1.58 (1.65— 
‘ea ( 1) 
Pi 
07735 


0.7385 X 1.538 = 1.34 g,-— 1.538 X 1.65 + 1.53 
Op o.00/2.011="1.27; henceg,— 0r458 
To find the number of vents axially corresponding to 
gy: and ¢g. we have 


sL 0.2L 
yg. = —=orl.27 =- —— , 
aV/Ca be WAN RUE 
La = 18.8 vents 
s L; OF2T- 
a/C; Zl, /1.30 
is = 5,49 vents 


Note. It is immediately apparent, that the approxi- 
mate method of solution is not applicable in this case, 
as for instance ¢; comes out ¢g; = 1.27. 

This is far in excess of the limit, inside which it is 
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admissible to put sing =. It will therefore be 
necessary to apply the original formulas and to find a 
solution by cut-and-trial. 
d. Application of original formulas. 

The equations determining the balanced condition 
are 


ue le inkiaee 
sin Yi - sin V4 ’ Ee ined 29 Ut (coth Yo 
+ cot? 1) 
LE Be eee per ien >. : 
sinh P2 eect Wo ? P= 2Q9 . Ve (coth 2 
+ cot? ¥1) 
if 
P= ere v3? (coth? po 
+ cot? ¢3) 
02x18  coth? yo = coth? Ao/2 
ee: a = 1.20, (as before 
git 1 2.1/1.0 (as re) 
= 1,65; 
Pp eS 
BE DA so SOs anes dae 
Loos = Ager, 


The most straight forward method of solution is that 
of a successive approximation. It is, then, best to 
start at the C— L and to make some first assumption, 
say that 

iL: { ¢» corresponds to 5 vents axially 
Yo 


“ “ al “ “ 
OFZ <eD 
Thus 2 = —— = 0.418 
e POA 
vy. = 1.338 — 0.418 — 0.922 
‘ 4030 
and 


/coth? (0.922) + cot? 0.737 


= 2280 ft./min. [When P is expressed in inches of 
water and V in feet per minute, the air taken at a 
density of 0.074 Ib./cu. ft. 4030 ./P is the value of the 
constant; it is further assumed here, that P = 1.”0 
water. | 


sinh ¢» sinh 0.418 
ma XSi yy sia Opa 
= 92 ts) malin 
(4030/v2)? = (4030/925)2 = coth? 0.418 + cot? y, 
vi = 0.275 
Gye 1465027) =a 1 io 
sin ¢ sin 12315 
goes a bie a wee sin 0.275 


= 3340 ft./min. 
Finally 

(4080/01)? = (4030/3340)? = coth? yo + cot? 1.375; 
giving the first result coth? y) = 1.41. 
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If assumption 1 hadbeen correct, the final result 
would have been coth? y) = 1.20. 
It is therefore necessary to put 


2. { ©» corresponds to 4 vents axially 


y > “ «“ 12 J “ “ 
ay Qe “ « 3 «“ “ 
{ Yo “ « 13 « «“ 


The calculation is eactly the same as before, and the 
results are given in the table below, also plotted in 
Fig: 7%. 

The solution is given on Fig. 7 and corresponds to 
coth? yo = 1.20. 

It is interesting to note, that (v; + v2 +03) has a 
maximum for the balanced condition. This means, of 
course, nothing else than that the balanced condition 
is stable. 


7000 


L 


5000 | a 
. ©= Solttion, Corresponding to Coth *%, = 1. 


4000 2.00 


SW (FEET PER MINUTE AT P= 1.0 WATER) 


1000 


Table (Fig. 7) 


Dy v2 v3 D> (v) $3 po £2 $1 gi coth?4o 
3340 925 2280 5545 0.735 O. opel Leas) (Wepyin siessyesy sale al 
3340 751 2330 6421 0.737 0.996 0.334 0.225 1.425 1.43 
3620 463 2400 6483 0.737 1,085 0,251 0.129 1.521 L112 

Discussion 


The v-values are those corresponding tol ae 0 
water, and must be multiplied by /P for any other 


. value of P. 


The g- and y-values, 2. @., the balanced condition, 
is, of course, independent OfsP: 

It has already been mentioned, that the approxi- 
mate method fails, in a case like this, to give the solu- 
tion with any reasonable degree of accuracy. This 
might have been anticipated from the low resistance 
at the extreme end (coth? Yo = 1.20) resulting in a 
high value of ¢1. 
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SUPER SYNCHRONOUS MOTOR 


The name “‘super synchronous” has been given to a 
certain type of motor, not because the motor operates 
above synchronous speed but because it has the ability 
to develop super torque in starting. There has been 
a demand for a long time for some type of synchronous 
motor that would develop during the starting cycle a 
torque as great or greater than that of an induction 
motor of the wound-rotor, external-resistance type. 
The first applications of synchronous motors, where 
considerable starting torque was required, were accom- 
plished by the use of friction clutches. A type of 
synchronous motor has also been developed, which 
in its design is quite closely an induction motor but 
having somewhat larger air gap and a secondary con- 
taining a larger amount of copper and wound with 
reference to the voltage at collector rings required for 
excitation. Such a motor involves the use of external 
resistance and changing the connections of the second- 
ary from a polyphase starting net work to a single- 
phase synchronous field winding. It also inherently 
has lower efficiency, due to the higher core losses and 
the greater exciting energy required. 


Suppr SyncHrRoNous Motor 


The “super synchronous” motor differs mechanically 
from the ordinary motor in having the stator mounted 
on auxiliary bearings, which are used only during the 
starting period, and in having a brake of such propor- 
tions as to bring the stator quickly from synchronous 
speed to rest and to be clamped securely in place. The 
high starting torque is obtained by virtue of the fact 
that no torque whatever is exerted on the load until the 
stator has come to synchronous speed and full excita- 
tion has been applied, thus establishing between the 
stator and rotor the same condition electrically and the 
same relative peripheral speeds that exist when motor 
is operating under full load. The torque, therefore, 
that is available as the rotor speeds up and stator re- 
tards, is that of the maximum load torque, or what is 
often spoken of as “pull-out” torque. 


Eddy Current Losses in Armature Conductors 
BY R. E. GILMAN* 


Member, A. I. E. E. 
Power Engineering Dept., Westinghouse Electric and Mfg. Co., East Pittsburgh, Pa. 


Review of the Subject.—This paper is an extension to the 
author’s paper in Vo. XX XIX Pages 997 to 1047 on Eddy Current 
Losses in Armature Conductors. In this present paper additional 


formulas are given for the cases where transposed coils are used 


and also methods given for quickly estimating the increased loss due 
to eddy currents. 


HIS paper is a supplement to the one presented 

by the author in the A. I. E. E. JOURNAL, Vol. 

XXXIX, Part I, for 1920. It is realized that the 
value of the formula spresented in this type of a paper 
depends upon their completeness and upon the simplic- 
ity of their application. Consequently, additional 
formulas have been added, covering types of windings 
neglected in the original paper, and an effort has been 
_ made to simplify the application of the formulas. An 
example has been worked through completely as an 
illustration. 


In the original paper, presented in Vol. XX XIX 
of the A. I. E. E. TRANSACTIONS, a summary of the 
results were given between pages 1038 and 1045. This 
summary covered seven formulas for the calculations 
of the additional losses in the slot portion of a conductor 
for different groupings, and an additional formula for 
the loss outside of the slot portion. These seven 
formulas were designated A to G, inclusive, and occur 
on pages 1042 and 1043. They cover the usual winding 
combinations with coils wound “straight up’ and 
“turned over,”’ as illustrated on page 1012. The short 
circuits between strands were limited, however, in 
location. For short circuit occurring at the end of 
one-half turn, formula B applied. For a short circuit 
at the end of each full turn, formula D and F applied, 
and when the short circuit occurred only at the start 
and finish of the coil, then formulas C, E’ and G applied. 
With the above limitations, it is not possible to accu- 
rately determine the eddy current losses in a trans- 
posed multiple turn coil of the type using two coil sides 
per slot. 


The data in this paper give the formulas necessary 
to cover this latter case. The nomenclature followed 
in the original paper will be used in this one, but addi- 
tional terms will be employed where necessary. These 
additional terms will be explained at the time they are 
first used in the text. The formulas only will be given 
without going into their development which follows 
the outline previously laid down in detail. 

The six formulas necessary to cover all the usual 
winding combinations with strands short-circuited at 
one-half turn or each full turn, or at the end of any 
integral number of full turns, are given below. 

When conductors consist of solid bars and there are 
*Deceased 


Presented at the Midwinter Convention of the A. I. E. E., 
Philadelphia, Pa., February 4-8, 1924. 


two coil sides per slot, formula A in Volume XXXIX 
applies. 

When conductors are stranded and the strands‘ are 
short-circuited at the end of each half turn, and there 
are two coil sides per slot, formula B in Volume XX XIX 
applies. 

When the coil is wound continuously straight up and 
there is one coil per slot with a short circuit between 
strands at the end of ¢ turns, the formula is 


Dh pea 


m 
Ratio = n? [ = 


3 + m?/4 cos 8 — (m?/4 


O72 1993 | M, + (m2/4 + 62/12 


When the coil is turned over, and there are two coil 
sides per slot, with a short circuit between strands at 
the end of turns, the formula is 


m— 1 
Rear [ sei ar + m?/4 cos. B — (m?/16 


“+ 62/12 — 1/8) | M, + [m?/16 + 6/12 


— 1/3] M. oi O; (IV) 


m— 4 


R, = 7? 12 


— (m?/16 + 62/12 


— 1/8) | M, + [m?/16 + 6/12 — 1/3] M,. + O, 


When the coil is turned over, and there is one coil 
per slot, with a short circuit between strands at the end 
of turns, the formula is 


@—4 ~ 
R= n? [m?/4] M, + (== | u. renee AS 


The formula for the loss ratio in the end turns for any 

of the winding combinations above is given by 
n?— 1 

k=O, + ore M /r? (BK) (VI) 
The new symbols employed have the following mean- 
ings: is used to designate the number of turns in the 
coil without a short circuit. In general, this would be 
the number of turns in the coil as formed in manu- 
facture. 
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6 is used to designate the number of groups in a 
transposition. @ can be any integral factor of the 
slots per pole per phase. m is previously used as the 
equivalent number of conductors in a slot carrying 
equal currents. From the definitions above, m = ¢ 6 
for one coil per slot windings, and m = 2 ¢ @ for two 
coil per slot windings. For example, a two-turn coil 
for a two-coil per slot winding, if transposed in five 
groups, would have a value of m = 20. A summary of 
the values given to the other symbols is shown on pages 
1040 and 1041 of volume XXXIX. 

In formula VI, r is used to indicate the ratio of a 
full turn to the embedded portion. K is used for the 
coefficient of M,. in that formula which covers the 
particular winding combination under investigation. 

The six formulas give the loss ratios for any usual 
winding combination for the embedded and end por- 
tions of the coils. The most common winding in this 
country is completely covered by formulas IV and VI. 

In investigating additional losses in armature coils 
caused by eddy currents, there are two things which it 
is desirable to know. The more important of the two 
is the amount of the excess where it has its greatest 
value. The average value for the entire coil is of sec- 
ondary importance. ~The principal purpose of eddy 
current investigation is to determine the probable 
temperature rise of the coil. The insulation to ground, 
or the coil insulation for a 13,200-volt coil is 0.2 of an 
inch or more in thickness, where mica is used for insu- 
lating. The expected temperature drop through such 
a wall for an average heat dissipation of 0.6 of a watt 
per square inch would be in the neighborhood of 40 
deg. cent. It is obvious, therefore, that any tempera- 
ture gradient within the wrapper is of secondary 
importance, and that an average temperature within 
thé wrapper can be assumed without appreciable error. 
As a consequence, the formulas have been shown indi- 
cating the loss ratio for all strands within a ground 
wrapper. 

Formulas IV and VI cover the great majority of the 
windings in common use in this country. The applica- 
tion of these formulas appears complicated; in fact, 
however, it is a relatively simple matter to apply 
them, provided a preliminary approximation is em- 
ployed. To illustrate, we will work out an example. 

Let it be assumed that it is desired to limit the eddy 
loss factor in the top coil of a slot to 1.35. Let us 
assume further that the following conditions obtain. 
Our winding is to be of the two-coil per slot turned over 


type. The machine is assumed to be three-phase, four 
poles, sixty cycles, and to have seventy-two slots.. The 
copper depth total in a slot can be 4.5 inches. The 


width of copper is 0.5 of an inch and the width of the 
slot is 1 inch. Assume that the ratio of the coil length 
to the embedded portion is 2.3. The coils are to be 
three turns per coil, and are to lie in slots 1 and 15. 
The problem is to determine what winding combina- 
tion will conform to our condition, and limit the loss 


GILMAN: EDDY CURRENT LOSSES IN ARMATURE CONDUCTORS 


195 


factor in the top coil to 1.35 when the top coil carries 
currents in phase with those in the bottom coil. Also, 
to determine the loss factors for other parts of the coil, 
as follows: The factor for the top coil, when currents 
in the bottom coil are 60 degrees out of phase. The 
factor for the bottom coil and for the ends. And, 
finally, the factor for the whole winding as a unit. 
The preliminary approximation referred to consists in 
first simplifying formula IV and then tabulating the 
results for different values of mand». It was shown in 
the original paper that for small values of ah say less 


h 4 

than’ 0.38, that, = oe yale Elkton Ae [ 1/n? 
n— 1 (a h)4 

+ + ae yr | one nm’, See TRANSACTIONS, 


Vol. XXXIX, page 1038. Introducing these values 
and omitting O, for the present, we find that formula 
4 could be written with (mn ah)‘ asa factor. Three 
new formulas will be written, and their values will give, 
when added to O, the loss factor for the top coil side, 
for the bottom coil side, and for the end portion, 
respectively. One other change has been introduced 
in the formulas; that is, since mn ah is a factor, it 
can be given a definite value, say six and for any 
change, the incremental loss in excess of O, will vary 
as the fourth power of the changed value to six. The 
simplified equations are 

The incremental loss in excess of O, for a top coil 


36 w—1 \ 
mM n? 2 ) 


me lk 
| - 4/me (1+ —=5—) | (1) 


The loss factor in excess of O, for a bottom coil 
nmz—1 
2 
n?—1 
— 4/me( 1 + =) | (2) 


The loss factor in excess of O, for the end portion 
mi ) 

r2 

n—1 
— 4/m? ( Ieee ray (3) 


In simplifying the equations (1), (2) and (3), above, 
for our first approximation, it will be noticed that for a 
value of @ equal to 1, the loss increment is a maximum. 
Also, it will be noticed that if we neglect that term in 
our equations, which contains m as a factor, that with 
these two changes the equations are very simply writ- 
ten. It can also be shown that for small values of 
nah that O, is essentially equal to unity. 


| 4 +8cos6+1/43 + 1/$%)( 
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With these changes, a table can be given, covering 
the incremental loss in the top coil under its maximum 
condition for loss. In this table, the assumption has 
been made that r = 2, and that cos6 = 1. The table 
is plotted for various values of m, and for n equal to 1, 
2 and 3, respectively. ° 


m 10 12 16 18 20 24 30 36 40 
factor 0.985 0.776 0.628 0.432 0.280 0.194 0.158 n=1 
factor 0.690 0.481 0.270 0.222 0.174 0.121 0.078 0.054 0.043 n=2 
factor 0.355 0.247 0.140 0.110 0.090 0.063 0.040 0.028 0.023 n=3 


If we consider our problem, and assume that the 
copper temperature is known, say 100 deg. cent. total, 
then the calculation of a will be derived as in the previ- 
ous paper, and would give a value of 1.83. The total 
copper depth was given as 4.5 inches, and this is equal 
tomnh. 4.5 X 1.88 = 8.25, and the values of the 
increment of the loss from the tables will be in the 
ratio of 3.58 for a coil 4.5 inches deep. Consequently, 
since the limit of the loss in the top coil was to be 1.35, 
the increment from the table will be 0.098, in order to 
keep the loss ratio to 1.35. In this connection, it is 
necessary to remember that there is a manufacturing 
limitation on the thickness of strands that can be 
handled; particularly, if mica tape is to be used to 
insulate the individual strands. A strand of 0.07 
inches is about the smallest that can be successfully 
handled. From our table, therefore, it is evident that 
m must be 18, and m must be 3, in order to keep the 
increment approximately 0 098. This gives us a 
strand of a thickness of 0.0835 inches. 


Having derived m and n from the approximation 
table, their values and the other factors given in our 
assumptions can be substituted in formulas (1), (2) 
and (3), for an accurate determination of the various 
loss factors. There are five factors to be determined: 
First, the loss in the top coil for cos 8 = 1; Second, the 
loss in the top coil for cos 6 = 0.5; Third, 
the loss in the bottom coil; Fourth, the loss in the end 
portion; and Fifth, the mean factor for the whole 
winding. These factors can all be determined by 
substitution in formulas (1), (2) and (3), except the 
last one, which is a factor of the ratio of the end wind- 
ings to the embedded portion. The figures are given 
in the table below: 


Col. 1 Col. 2 
Moo Goll Cos 2 <= il Momeni, Gb), 6545. 0.1005 0.3600 a 
S 8 Cog a B “ CEE ose 0.0783 0.28106 
Bot. coil s (Qe oe 0.0264 0.0946c¢ 
End portion i GMs oon onee 0.0141 0.0505 d 
Factor for entire winding.............. 0.1185 


Column 2 is obtained from column 1 by multiplying 
by the factor 3.58. The loss increment for the whole 
winding can readily be obtained, as it is equal to 
3¢4+386+6c+15.6d divided by 27.6. 15.6 is 
obtained from (r — 1) X 2 X coils per pole and phase. 

To the above figures in column 2 we have to add the 
value O,. It is shown in the original paper how to 
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obtain this value, but an approximation, when mnah 
is equal to 6, is given by 
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O,=1+ F 
and for any other value of mn a h the increment of loss 
above unity is to be increased as the fourth power of 
the ratio of this value to 6. In our case, O, = 1.0025. 

It has béen shown how relatively simple it is to 
predetermine the loss ratios in the different parts of a 
turned over two-coil per slot winding with transposi- 
tion. It is reeommended that any one who has occa- 
sion to use the approximation frequently will find it 
most convenient to plot his values on log-log paper. 
That is, on paper with logarithmic ruling for both or- 
dinates and abscissas. If this method is followed, the 
table becomes a series of straight lines for different 
values of n. 

One of the purposes in presenting a paper of this kind 
is to show that designing engineers are fully alive to 
the importance of theoretical investigations and the 
necessity of taking into consideration details in design 
which tend to improve the performance of their 
apparatus. This paper further illustrates how rela- 
tively simple it is to estimate accurately the effect of as 
complicated a phenomeon as the loss due to eddy 
currents in a stranded conductor. 


A NEW ELECTRIC TELEMETER 


The recording of strains produced in bridges by trains 
or motor trucks passing over them has been made 
possible by a new electric telemeter or strain gage 
developed at the Bureau of Standards. The gage has 
two points which are clamped to the part of the bridge 
truss on which the measurements are to be made, and 
two stacks of carbon disks. A change of load on the 
truss causes a change in the distance between these 
points, and this is arranged to cause a change in the 
pressure on the carbon stacks and a consequent change 
in their resistance. The electrical apparatus can be 
made to record very rapid changes. The recording 
apparatus can be used with several gages at once. 

The problem of recording these instantaneous strains 
has never before been successfully solved, although 
their values were known to be high. A heavy motor 
truck running over a rough floor, or a locomotive going 
at high speed, may cause a strain on a bridge truss very 
much greater than would be caused by the same 
machine when not in motion. Similar problems occur 
in the case of aircraft, and the new strain gage can 
also be used to measure the strains produced in them 
while in flight. Sixty such gages were used in the tests 
of the Shenandoah. 

This gage is described in Technologic Paper No. 247 
of the Bureau of Standards, entitled “A New Electric 
Telemeter.”’ 
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Review of the Subject.—In_ the communication art trans- 
formers are used to transfer inductively the energy of speech currents 
from one electric circuit to another. In addition to this primary 
function which must be efficiently performed without distorting the 
speech significance of the transmitted energy, there is a variety of 
secondary functions such as making possible the swper-position of 
phantom circuits on ordinary telephone circuits, discriminating 
between speech and. telegraph or signaling frequencies, isolating 
circuits carrying direct current, and preventing inductive in- 
terference between adjacent circuits. 

A discussion is presented of the frequency range over which 
telephone transformers must operate efficiently in transferring 
energy between two circuits and the three most common limiting 
impedance combinations of these circuits, namely, both circuits 
resistances, one circuit a resistance and the other a positive reactance 
and one circuit a resistance and the other a negative reactance. 
The efficiency with which energy is transmitted is measured by 
comparison with an ideal transformer which ts one which introduces 
no losses and has the best ratio to connect the two circuits. In 
studying its action the transformer is replaced by its equivalent T 


network which affords a ready means of analyzing its losses. 
The variation of the transformer losses with frequency is discussed 
for the three above mentioned combinations of circuit impedances 
and characteristic curves are shown for transformers of different 
mutual impedances. Characteristics are also given showing the 
operation of the input transformer into the vacuum tube as the 
mutual impedance and the transformer ratio are varied. The 
circuit conditions of the input transformer represent a common 
special case of the third combination of circuit impedances. 

The mechanical construction of various transformers is shown, 
namely, that of the ordinary battery supply repeating coil, of the tele- 
phone induction coil, and of three more recent types of transformers 
used principally in various vacuum tube circuits such as telephone 
repeaters, carrier frequency and radio circuits. These transformers 
are all constructed so as to give the desired accuracy of speech 
transmission under their particular circwit conditions. The 
climatie conditions present in the widely distributed telephone 
plant have been carefully considered and the transformers designed 
to maintain their initial efficiency over a long period of 
years. 


INTRODUCTION - 


Te. transformers used in the telephone plant are 
required to transmit speech or signaling currents 
from one electrical circuit to another in such a way 
as to obtain maximum transfer of power. They differ 
in their required action from power transformers in two 
main respects. They have to transmit milliwatts 
efficiently instead of kilowatts and must operate 
efficiently under a variety of conditions of voltage, 
frequency, etc., instead of under single fixed conditions. 
These various requirements of operation make it 
necessary in designing a telephone transformer to 
proportion it differently from a power transformer. 

The requirements of circuits in which telephone 
transformers are used make it necessary to consider 
their efficiency in detail over a wide range of frequency 
and at the same time make sure in each particular case 
that they have characteristics apart from this efficiency 
which will enable the circuits to function properly. 
Such other characteristics, one or more of which may be 
required of a transformer, are: 

1. The efficient transmission of telephone currents 
while carrying super-posed direct current as in the cord 
circuit battery supply repeating coil. ; 

2. A high degree of impedance balance between the 
windings in order: (1) to avoid unbalancing the circuit 
and rendering it subject to noise or cross-talk troubles; 
(2) to limit cross-talk in closely associated circuits as 
in the case of the phantom circuit repeating coil in 
which the balance required is very precise, the two 
phantom circuit windings being balanced to about 
0.01 per cent; or (3) to prevent sustained oscillations 
or singing in a two-way telephone repeater as In the 
case of the repeater output transformer. 

Presented at the Midwinter Convention of the A. I. E. E., 
Philadelphia, Pa., February 4-8, 1924. 


3. High efficiency as a low-frequency power trans- 
former, for example, at 1624-cycle signaling fre- 
quency, as well as high efficiency as a telephone speech 
frequency transformer. 


4. Low efficiency as a power transformer at the 
frequencies of interruption of direct current used in 
Morse telegraph as well as high efficiency as an audio 
frequency transformer. This low power efficiency is 
necessary in order to reduce troubles, such as, noise 
interference, false operation of relays and acoustic 
shock when the same lines are used for both telephone 
and telegraph. 


5. Impedance transformation closely approximating 
that obtained with an ideal transformer as in the line 
transformers in circuits in which two-way telephone 
repeaters are employed. By impedance transformation 
is meant the modification of the line or network im- 
pedances when viewed through the transformer. 

6. Impedance transformation for a pair of trans- 
formers alike over the transmitted audio frequency 
range for use as the line and network transformers in 
two-way repeater operation. 

7. Stable impedance transformation even when 
having been subjected to large magnetizing forces as 
in the dine transformers in two-way telephone repeater 
circuits in order to maintain the required balance be- 
tween line and network under all conditions of service. 

8. Minimum production of harmonics due to the 
magnetization characteristics of the iron which would 
cause interference in the normal transmission frequency 
range, as in the line transformers on circuits which are 
used for the transmission of Morse telegraph in addition 
to speech. 

9. To isolate conductively one portion of a circuit 
from another as in transformers used to connect 
grounded to metallic lines or to isolate subscriber sets 
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from the telephone lines which parallel high-tension 
power lines and which may therefore be exposed to 
large inductive disturbances. 

10. To maintain the usual conductive isolation ‘and 
furnish a path to ground for longitudinal currents as 
may be obtained with a transformer with a shield 
between primary and secondary windings. By a 
longitudinal current is meant one which flows along a 
circuit and returns by some path exterior to that 
circuit. 

As the primary function of the telephone transformer 
is to transmit telephonic speech efficiently, this paper 
will be limited to this part of the subject, although 
the complexity of the telephone plant rarely permits a 
transformer to be free from the necessity of meeting one 
or more secondary requirements such as those men- 
tioned above. Two winding transformers only will be 
discussed. 


FREQUENCY REQUIREMENTS 


In the ordinary telephone circuit a range of frequency 
of about 200 to 2500 cycles is allotted to the trans- 
mission of speech, both of these limits varying somewhat 
with the type of circuit. In the case of long distance 
lines in which it is desirable to utilize the circuits to the 
best economic advantage, the frequency range below 
3000 cycles is allotted to speech, signaling and telegraph 
and above that frequency to the transmission of 
carrier telegraph and telephone. A transformer used 
for the transmission of speech currents is required to 
operate efficiently over the entire range of frequency 
transmitted. 


With the present intensive use of the telephone 
lines, transformers may be required to transmit low- 
frequency signaling of 1624 or 20 cycles, composite 
ringing of 185 cycles, speech from 200 to 3000 cycles 
and carrier from 3000 to 30,000 cycles. This carrier 
frequency is divided into a number of frequency 
channels which are used for separate telegraph or 
telephone circuits. A carrier range from 3000 to 10,000 
is generally used for telegraph while with carrier tele- 
phone a frequency range from 6000 to 30,000 is used.1 
In certain radio telephone circuits transformers are 
required to operate at frequencies of the order of 
50,000 to 100,000 cycles and in radio frequency ampli- 
fiers at approximately 1,000,000 cycles. Telephone 
transformers may be required to operate at any one 
of these frequencies or frequency bands or they may be 
required to transmit efficiently two or more of them. 
Illustrations of this are the ordinary phantom circuit 
repeating coil which transmits low-frequency (1624 
cycles) signaling and composite ringing (135 cycles) 
as well as speech, and the transformers which connect 
the Key West-Havana cable to the shore lines and 
which are designed to transmit carrier telegraph up to 
about 6000 cycles as well as ordinary telephonic speech. 

1. Colpitts and Blackwell: “‘Carrier-Current Telephony and 
Telegraphy,” Trans. A. I. E. E., Vol. 40, page 301. 
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In radio transmitters used for broadcasting and in 
Public Address Systems? where it is desired to transmit 
music and to reproduce accurately the exact quality 
of the speaker’s voice, it is necessary that any trans- 
formers in the circuit operate efficiently at frequencies 
at least as low as 50 cycles and as high as 5000 cycles.’ 

In the following the operation of transformers over 
the voice range of frequencies only will be discussed 
but it is to be noted that the principles involved apply 
to transformers for carrier and radio frequencies as well. 


IMPEDANCE REQUIREMENTS 


Another important factor in determining the design 
and operation of the transformer are the impedances 
The 
circuit impedances, which are the impedances as 
measured from the place where the transformer is to be 
located, may be but a few ohms in magnitude or may be 
several megohms. They may also vary appreciably in 
magnitude or phase angle over the frequency range. 

The circuit impedances met in the telephone plant 
are seldom either substantially pure resistances or 
reactances over the entire frequency range and in 
considering the action of a transformer between two 
such circuits at any frequency the actual impedances 
of the circuits at that frequency must be employed. 
It is impossible to discuss all possible combinations of 
circuit impedances here. However, with a knowledge 
of the action of transformers between three limiting 
combinations of circuit impedances an_ indication 
will be given of their operation under all conditions of 
importance. These three limiting impedance con- 
ditions are: 

1. Sending and receiving end impedances both 
resistances. 

2. Sending end impedance a resistance, and receiving 
end impedance a positive reactance. 

3. Sending end impedance a resistance, and receiving 
end impedance a negative reactance. 

It is, of course, to be understood that the sending and 
receiving end impedances may be interchanged. There 
are, in addition, three other possible limiting circuit 
impedance conditions—the sending and receiving end 
impedances both positive or negative reactances and 
the sending end impedance a positive reactance and 
the receiving end impedance a negative reactance. 
These three impedance conditions are less usual than 
the first three and it is felt to be unnecessary here to 
discuss in detail the action of telephone transformers’ 
in circuits of this type.’ 


TRANSFORMER EFFICIENCY 


The telephone transformer is generally used for 
transmission in both directions and the usual definition 


2. Green and Maxfield: 
A. I.E. E., Vol. 42, page 247. 
3. Fletcher: ‘“‘The Nature of Speech and Its Interpretation” 
Journal Franklin Institute, Vol. 193, page 729. 
Martin and Fletcher: “High Quality Reproduction of 
Speech and Music” A. I. E. E.—Midwinter Convention, 1924. 
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Ti ae A for the primary as the winding which 
elves the energy from the supply circuit does not 
hold. The terms primary and secondary are therefore 
used simply to distinguish between the two windings 
without regard to the energy flow. 
It can be shown that maximum power may be de- 
livered from one circuit to another if the impedances 
of the cireuits are equal in magnitude and opposite in 
phase, that is, if the resistances are equal and if the 
reactances annul each other. Maximum power may 
be delivered from one circuit to another in which the 
reactances annul each other and in which the resistances 
are not equal provided an ideal or perfect transformer 
of proper ratio is used to connect the circuit resistances. 
In the ordinary case it is not possible to annul the 
reactances over the entire frequency range to be trans- 
mitted and no attempt is therefore made to modify 
them. Under these conditions transformers are used 
to connect the two circuit impedances and without 
annuling reactances the greatest amount of power 
will be delivered by connecting these impedances by 
means of an ideal transformer of the best ratio. 
By an ideal transformer is meant one which neither 
dissipates nor stores energy. Such a transformer has 
infinite primary and’ secondary self-impedances, in- 
finite mutual impedance, unity coupling factor or zero 
leakage impedances, and zero d-c. resistances. An 
ideal transformer for any given circuit condition also 
has the best ratio to connect the circuit impedances. 
It may be stated that when the circuit reactances 
are not annulled by the addition of reactances of the 
opposite sign, it is possible to deliver more power to the 
load impedance at certain frequencies by the use of an 
actual than by an ideal transformer as the transformer 
impedances may tend to annul the circuit reactances. 
It has long been customary in dealing mathematically 
with a transformer to use in its place some equivalent 
network such as a 7 or a T network. The use of an 
equivalent 7 network changes a coupled circuit into a 
simple circuit in such a way as to make it easier to see 
the effect of changes of the 
transformer constants on the 
transmission of the circuit. The 
equivalent T network of a two- 
winding transformer is shown 
in Fig. 1. in which the junction 
point of the three arms is con- 
sidered not accessible and in 
which P, S and M are respect- 
ively, the primary, secondary and mutual impedances. 
The series arms a and b of the T network consist 
respectively of the differences of the primary and 
mutual impedances and the secondary and mutual 
impedances. The equivalent T network of the trans- 
former is sometimes shown having series arms P+ M 
and{|S + M and shunt arm — M. These two 7’s 
~ 4, Campbell: “Cissoidal Oscillation” Trans. A. | pe OP 
Vol. 30, Part 2, page 873. 


Fig. 1 
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may be derived from the transformer impedances 
depending on whether the secondary is connected 
to give a received current in one direction or the other. 
The fi shown here is the most convenient for ordinary 
considerations. Considering for the present a unity 
ratio transformer, the arm a will contain the d-c. 
resistance of the primary and the arm 6 the d-c. resist- 
ance of the secondary. In addition, the leakage 
impedance will be divided between them. Whether 
the leakage impedance should properly be considered 
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X Effective reactance—ohms 
R Effective resistance—ohms 


principally in the arm a or principally in the arm 6 or 
divided equally between them depends on the relative 
location of the primary and secondary windings. 
However, in the ordinary case the coupling factor is 
so near unity and the leakage impedance is so small in 
comparison with the primary, mutual and secondary 
impedances that practically no error is introduced if 
it is assumed to be divided equally between them. — 

The shunt arm ¢ of the equivalent T network contains 
the mutual impedance M. This mutual impedance 
equals K / Po Sy where Py and Sy are the primary and 
secondary impedances less their respective d-c. resist- 
ances, and where K is the coupling factor. The 
coupling factor K has a phasé angle in actual trans- 
formers but where the coupling factor is nearly unity the 
angle may usually be disregarded. The mutual 
impedance is a complex quantity as are also the primary 
and secondary impedances of all usual transformers. 
As the mutual impedance is dependent on P, and 
So, any factors which enter into Py and So will also 
enter into M. The reactance components of these 
impedances depend on the number and distribution 
of turns in the windings and the dimensions .and 
permeability of the core. The resistance component is 
made up of an effective resistance due to hysteresis, 
eddy current and dielectric losses. 

The distributed or lumped capacities of the windings 
are best considered in their effective values. These 
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effective capacities may be regarded as shunted across 
the primary or secondary of the transformer or may be 
considered as located across M of the arm c of the 
equivalent 7 of the transformer. If this effective 
capacity is considered in shunt with M and combined 
in it, both the resistance and the reactance of M will 
have components due to the effect of this capacity. 
The effective resistance and effective reactance of M 
will then go through the usual curves for parallel 
resonance as shown in Fig. 2 for a typical phantom 
circuit repeating coil. 

One other factor frequently enters into the determin- 
‘ation of the effective value of M as well as Py and So. 
In some circuits, in order to economize on the amount of 
apparatus necessary, a direct current is allowed to flow 
through the primary or secondary windings of the 
transformer. This causes a uni-directional magnet- 
izing force in the core in addition to the a-c. magnet- 
izing force of the speech current. This d-c. magnetiza- 
tion causes a decrease in M from the initial value or 
value with no d-c. magnetization, depending upon the 
strength of this magnetization and the reluctance 
of the magnetic circuit. 

The series arms of the equivalent 7 of the unity ratio 
transformer are thus impedances consisting of the 
d-c. resistances and the leakage impedances and are 
usually relatively small compared with the circuit 
impedances while the shunt arm is the mutual im- 
pedance which is usually large compared with the 
circuit impedances. The simplicity of the equivalent 
T network of the unity ratio transformer is very useful 
and convenient in studying the effect of the transformer 
in producing losses. With an inequality ratio trans- 
former, however, the arms a and 6 which equal P—M 
and S—M, respectively, do not appear as_ small 
impedances. For instance, if P is larger than S, 
P—M will be a large positive impedance and S—M 
will be a large negative impedance and the T network 
has no decided advantage, from a mathematical stand- 
point over the ordinary transformer network. 

Fig. 3 shows a transformer operating between the 
‘sending end impedance Z, and receiving end impedance 
Z>». Z2may be considered less than Z,;. The actual 
sending and receiving circuits in telephone work are 
usually quite complex, each consisting of numerous 
series and shunt elements. According to Thévenins 
theorem® any electromotive force acting through any 
circuit no matter how complex will produce the same 
current in any receiving impedance as will some other 
electromotive force bearing a definite relation to the 
first electromotive force and acting directly in series 
with the impedance which would be obtained by a 
measurement of the circuit looking away from the 
terminals from which the receiving circuit has been 
disconnected. From this theorem it may be shown 
that the complex sending and receiving circuits may be 
replaced respectively by simple series impedances 


5. Comptes Rendus for 1883, Vol. 97, page 159. 
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Z,and Z.which are the impedances of the complex 
sending and receiving circuits looking away from the 
place where it is desired to join them, and a transformer 
or any other structure studied between these im- 
pedances will act identically as if connected between 
the more complex actual circuits. 

If the transformer shown in Fig. 8 were the ideal 
transformer to connect the circuit impedances 4, 
and Z,, the. best impedance ratio could be found as 
follows: ‘The current received through the impedance 
Z 9 is 

Fab, Ze 
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But since in the ideal transformer P, Sand M areinfinite 


pure reactances and the coupling factor is unity and 
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A transformer designed for the circuit of Fig. 3 
should, therefore, have an impedance ratio R = P/S 
= Z,/Z,._ With an ideal transformer of such a 
ratio the impedance at d, d looking toward the 
receiving end with the sending end open at d, d 
will equal Z,.° Such an impedance characteristic as 
measured with an actual inequality ratio transformer 
having an impedance ratio of 1:2.66 and a receiving 
end impedance Z, of 2000 ohms non-inductive resist- 
ance is shown as R+j X in Fig. 4. The correspond- 
ing characteristic for an ideal transformer of the 
same ratio is shown as R!. These characteristics 
show that an actual transformer in transforming jor 
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modifying the circuit impedance adds both a resistance 
and a reactance component to the value of the circuit 
impedance divided by the transformer impedance 
ratio except at low frequencies where the transformer 
has a considerable shunting effect. on the circuit 
impedance as explained later on, and where the resist- 
ance falls below the value obtained with an ideal 
transformer and the reactance is increased over its 
value at higher frequencies. 

It may be stated that under certain circuit conditions 
it is quite important that the transformer give a 
transformation of the circuit impedance which is 
nearly ideal in order to limit the impedance irregularity 
introduced in the line. 

For analysis or design work involving inequality 
ratio transformers the circuit of Fig. 3 may be reduced 
to a circuit in which the impedances Z, and Z, have the 
same absolute magnitude and the equivalent 7’ network 
of the transformer may be reduced to an equivalent 7’ 
of an equivalent unity ratio transformer. In this 
way the disadvantages of the equivalent 7’ network of 
the inequality ratio transformer are avoided. This 
transformation is made by multiplying the circuit 
impedance Z,. and the secondary impedance S by the 
impedance ratio R-«and multiplying the mutual 
impedance M of the transformer by / ‘Ras shown in 
Fig. 5. As Py) =M~V/R/K,P—-MvVRwill be a 
small positive quantity, and as S) = M/K VR, 
SR-—-M-+Rwill be a small positive quantity. 
M V Rwill be a large positive quantity. This treat- 
ment of the transformer presupposes that P» and 
S, have the same phase angle. This is not necessarily 
precise in the case of all transformers but will hold 
with sufficient accuracy for the usual type of iron core 
transformers. 

The series arms a and b and the shunt arm ¢ of the 
equivalent unity ratio 7 network consist respectively 
of the d-c. resistances of the primary and secondary 
plus the leakage impedance, and the mutual impedance, 
all reduced to terms of the sending end impedance Z:. 
In this transformation a circuit such as is shown in 
Fig. 3-is changed to an equivalent circuit as shown in 
Fig. 5. This equivalent circuit gives a received current 
which is less than the received current of the circuit 
of Fig. 3 by the factor I/./ R but the received power 
is the same in each case. This equivalent T of the 
equivalent unity ratio transformer consisting of rela- 
tively small impedances in series with the circuit and 
a relatively high impedance as a shunt across the 
circuit, furnishes an easy means of studying the losses 
produced by a transformer. 

The telephone engineer as well as the power engineer 
is concerned with the delivery of power. In power 
work the efficiency of a device is usually expressed in 
per cent as the ratio of the power delivered to the power 
supplied or the watts output divided by the watts 
input. In telephone work it is customary to consider 
the losses caused by the device rather than its efficiency. 
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These losses are determined by the change in received 
power caused by the insertion of the device in the 
circuit. They are expressed in terms of the attenuation 
of a length (in miles) of standard cable (M.S. C.). 
This unit is such that if two currents J, and J, flow 
through the same impedance (load) delivering powers 
W, and W, respectively, the number of miles corre- 
sponding to the current or power ratios is given by the 
relation MSC = 2112 log, J, /L. = 10.56" logis 
W,/W:. It can be shown from the above that 
for small losses a change in current ratio of 1 per cent 
corresponds approximately to 0.1 mile of standard 
cable. 

In inserting an ideal transformer of best ratio. 
between two circuits of different impedance an 
increased current is obtained through the receiving end 
impedance and a transmission gain is effected. If an 
actual transformer were used in place of the ideal 
transformer a somewhat lesser gain would usually 
be obtained due to the losses of the transformer. The 
transformer loss is determined by the ratio of the re- 
ceived current with the transformer in circuit to the 
received current with the ideal transformer in circuit. 

It is to be noted that the above mentioned ratio of 
received currents which is used as the basis of the 
transmission loss of the telephone transformer takes no 
account of the phase angle of the load impedance and 
bears no direct relation to the ratio of the power 
output to the power input. There is, therefore, no 
very simple relation between the miles loss and the 
power efficiency. For example, a telephone trans- 
former might have equally low losses when operating 
into a pure reactance as when operating into a resist- 
ance, whereas, the power efficiency approaches zero 
when the phase angle of the load approaches 90 deg. 
When operating into a resistance load the current 
ratio of the telephone transformer approaches the 
square root of the power efficiency for very efficient 
transformers. 


TRANSFORMER OPERATING BETWEEN 
RESISTANCES 


From the circuit of Fig. 5, it can easily be seen that 
provided the circuit impedances approximate resist- 
ances, the smaller P—-M-+/Rand SR— v1 VA i 
are and the larger M \/ Ris, the smaller will be the 
loss caused by the transformer. The speech current 
used in most telephone circuits is so minute that the 
permeability of the transformer cores remains at 
approximately its initial value regardless of what 
winding is placed on the transformer. An increase 
in the mutual impedance will lower the shunt losses, 
but will also cause an increase in the series losses, as 
there will be an increase in the d-c. resistance and the 
leakage impedance in practically the same ratio as the 
increase in the mutual impedance. If the capacity 
in the transformer windings is neglected, it will be 
noted that both the series and shunt arms of the 
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transformer 7 contain components of impedances 
which increase with the frequency and that at zero 
frequency the shunt loss will be infinitely great and at 
infinite frequency the series loss will be infinitely, 


great while at intermediate frequencies these losses: 


It is, therefore, evident that for a given | 
to produce this resonance near the lower end of the 


'transmited frequency range, 


will be finite. 
transformer there will be some frequency at which the 
transformer operates with minimum losses, and that 
for operation at a given frequency there is a value of 


mutual impedance for any given transformer structure” 


at which the losses are a minimum. 


Zi PWR SR-MR ZR 


The transformer of Fig. 5 when operating between 
non-inductive resistance impedances will produce a 
loss-frequency characteristic, as shown in Fig. 6, in 
which the various curves are for a fixed circuit condition 
and for several different windings or values of mutual 
impedance. In these characteristics the d-c. resistance 
of the winding produces a loss which is practically 
independent of frequency. There is an increase in loss 
at the lower part of the frequency range due to the 
increased shunting effect of M./ Rat the lower 


frequencies. This loss decreases as the frequency 
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increases. Although in any actual case the departure 
of the angle of M ./ R from 90 deg. may cause an 
appreciable part of the shunting loss it is usually 
possible to obtain greater reduction in loss by increasing 
the absolute magnitude of this impedance than by 
increasing the phase angle. If the transformer has 
sufficient capacity in and between the windings to 
affect appreciably this impedance, it may also affect 
the loss due to it. In some transformers, the effective 
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capacity. may be large enough to cause resonance 
within the frequency range which is transmitted 
efficiently. This would cause M / Rto have a 

maximum value at the resonance frequency, and the 
loss due to the shunt arm would go through a minimum 
value at this frequency. If the capacity is large enough 


its effect at the higher 
frequencies in decreasing the magnitude of MVJ/R 
might be sufficient to cause an appreciable loss at 
these frequencies. 

-The magnitude of. the leakage impedances, which, 
together with the d-c. resistance, make up the series 
arms of the 7, also tends to increase the loss at the 
upper frequencies, as this impedance increases with the 
frequency. In cases where both the leakage and the 
capacity are high, the effect of one may to some extent 
tend to lessen the loss produced by the other at some 
frequencies. 

It is to be noted that as the leakage impedance 
generally consists of a larger reactance than effective 
resistance, this impedance has far less effect in determin- 
ing the value of received current through Z, when the 
circuit impedances are resistances than does the d-c. 
resistance. 

In the design of telephone transformers to operate 
with little distortion between resistance impedances, 
it follows that the transformer impedance ratio is 
determined as the ratio of the circuit impedances 


between which the transformer operates, the loss at the 


lower frequencies is determined principally by the 
impedance of the shunt arm of the 7’ network, M / R, 
and the loss at the higher frequencies is determined 
principally by the leakage impedance and the effective 
capacity. The d-c. resistance adds a loss which is 
practically constant over the frequency range. 

The determination of the windings of such a trans- 
former would be made as follows, assuming for the 
present that the transformer construction has already 
been decided upon. The impedance ratio of the 
transformer is calculated as the ratio of the circuit 
impedances. Using this ratio, the winding is cal- 
culated, choosing such sizes of wire as will make the 
ratio of d-c. resistance of primary and secondary the 
same as the impedance ratio, and will completely 
fill the winding space with an allowance for commercial 
variations in the winding space, dimensions, wire 
diameter, winding and insulation. As the transformer 
dimensions and core permeability (initial or low 
magnetic density value) are known, the inductance for 
a given number of turns may be calculated as pro- 
portional to the square of the turns or from a trial 
winding the relation between impedance and number of 
turns may be obtained. The coupling factor and 
effective capacity are best obtained by a trial design 
using the arrangement of winding which is expected 
to be used in the final design. All the information for 
determining equivalent T networks is thus available. 
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: The loss curves for different values of mutuat 
impedance may be predetermined from these equivalent 
networks and the desired winding chosen from these 
characteristics. Such a series of curves for a trans- 
former operating between resistance impedances is 
shown in Fig. 6. In the table in this figure is shown 
the ratio of the shunt arm, M \/ R, of the equivalent 
-T network of the equivalent unity ratio transformer 
at 1000 cycles, to the sending end impedance Z,. 

Fig. 7 shows the transmission loss characteristic of 
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a phantom circuit repeating coil operating between 
non-inductive resistance lines of 1830 ohms. The 
mutual impedance-frequency characteristic of this 
repeating coil was shown in Fig. 2 from which it may 
be noted that the reactance component of this im- 
pedance is negative above a frequency of 1700 cycles 
per second. Although above this frequency the mutual 
impedance decreases, its magnitude is so great as com- 
pared with that of the line impedance that the loss due 
to it is practically negligible at a frequency of 5000 
cycles per second. 


TRANSFORMER OPERATING BETWEEN 
A RESISTANCE AND A POSITIVE REACTANCE 


The case of a transformer operating into a pure 
positive reactance is, of course, hypothetical and no 
energy would be delivered unless the reactance had a 
resistance associated with it. In any actual case, 
there is always a resistance component to this im- 
pedance, but for this discussion it is assumed that the 
resistance component is practically zero. 

In this circuit condition we have one impedance 
which is independent of the frequency and another 
which is directly proportional to the frequency, By 
properly choosing the transformer ratio it is possible 
to match the circuit impedances at any particular 
frequency and deliver maximum energy at this fre- 
quency. At other frequencies there would be a 
transmission loss due to this failure to match im- 
pedances, and it follows that even with an ideal trans- 
former, it is not possible to obtain uniform efficiency 
over a range of frequency, and that by selecting the 
proper ratio, maximum efficiency may be ontained 
at any desired frequency. 

Fig. 8, curve A, shows the transmission loss, in miles 
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‘due to the introduction of an ideal transformer of fixed 


ratio between the sending end resistance Z,; and the 
receiving end reactance Z,. This transformer serves 
to match these impedances at the frequency F’, and the 
curve shows the loss above what would be obtained if 
the impedances were matched at any other frequency. 
Curve B is a similar characteristic for an ideal trans- 
former, matching impedances at frequency F’». 

Fig. 5 may be considered to represent the equivalent 
unity ratio circuit (Z, being less than Z,) with the T 
network of the equivalent unity ratio transformer in 
thecircuit. If, forthe present the effect of capacity in the 
mutual impedance is neglected, the losses produced by the 
components of the series arms of the transformer opera- 
ting under these circuit conditions, that isthe d-c. resist- 
ance and the leakage reactance, are approximately of 
equal importance. The d-c. resistance causes a loss 
which is finite at low frequenciesand decreases to zero at 
infinite frequency while the leakage reactance causes a 
loss which is finite at infinite frequency and reduces 
to zero at zero frequency. The mutual impedance 
produces a loss which is infinite at zero frequency and 
decreases to a relatively small finite value at infinite 
frequency. 

If the mutual impedance contains a capacity com- 
ponent, a reduction of loss may be produced at certain 
frequencies due to resonance of the capacity reactance 
with the mutual, leakage and receiving end reactances. 
This may even give a gain over the characteristic of the 
ideal transformer for a limited frequency range, but 
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Fig. 8—TRANSFORMER CONNECTING A RESISTANCE TO A 
PosITIVE RESISTANCE 
‘“4”’ and ‘“B”’ ideal transformers of Impedance ratio 
R/X at frequency ‘‘F;"’ and ‘‘F»’’ respectively. 


above the resonant frequency an increased loss is 
produced which approaches infinity. 

Characteristics A, B, Cand D of Fig. 9 show measure- 
ments of actual transformers having different values 
of mutual impedance and the proper ratio to match 
The transmission losses 
shown are the losses of the actual transformers com- 
pared with the corresponding ideal transformer of 
the same ratio. The ideal transformer, itself, has a 
loss characteristic causing distortion which varies with 
the frequency as shown in Fig. 8. The ratio of 
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M VR:Z,at 1000 cycles is shown in the table. 
These transformers are the same as those shown in 
Fig. 6 as operating between resistances. The losses at 
the upper frequencies are reduced somewhat by the 
winding capacity. It may be noticed that of the 
transformers whose characteristics are shown in Fig. 9, 
transformer B introduces minimum loss. 

In designing a transformer to connect a resistance 
to a positive reactance, the impedance ratio of the 
transformer is determined as the ratio of the circuit 
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impedances at the frequency at which it is desired to 
deliver maximum power. The choice of best mutual 
impedance may be made by assuming windings of 
different impedance and predetermining their loss 
characteristics as has been described under transformers 
working between resistances. 


TRANSFORMER OPERATING BETWEEN A 
RESISTANCE AND A NEGATIVE REACTANCE 


Where a transformer operates between a resistance 
and a negative reactance, a condition exists where one 
impedance is independent of and the other is a function 
of the frequency, although in this case the reactance 
varies inversely with the frequency. Here again in 
order to deliver power it is necessary to assume that 
the receiving end impedance has a small resistance 
component. The transformer ratio may be made to 
match these impedances at any frequency, delivering 
maximum energy, but causing an increasing loss above 
and below this frequency. The loss characteristic of 
such a transformer is shown in Fig. 10 which gives the 
increase in transmission loss of the ideal transformer 
of fixed ratio over the ideal transformer of the actual 
ratio of the circuit impedances at all frequencies. 

Referring to Fig. 5 and considering Z,a negative 
reactance, there are two frequencies at which resonance 
takes place. At the first frequency parallel resonance 
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impedance MWR and Z,R 
and at the second, series resonance occurs between the 
leakage reactance components of P— M VR and 
SR—Mw«R and the receiving circuit impedance 
Z,.R. The d-c. resistance causes a loss which, in 
general, is finite at zero frequency and becomes zero at 
infinite frequency. The leakage reactance produces a 
loss which, in general, increases from zero at zero 
frequency to infinity at infinite frequency going 
through a minimum, however, and in some cases 
causing a gain over the ideal transformer at the second 
resonance frequency. The mutual impedance, in 
general, produces a loss which decreases from infinity 
at zero frequency to a finite value at infinite frequency 
going through a minimum, however, at the first 
resonance frequency and possibly even causing again 
over the ideal transformer at this frequency. 


INPUT TRANSFORMER 


The usual case of a transformer operating under 
these circuit conditions is the input transformer of the 
vacuum tube amplifier, the vacuum tube approximating 
a condenser in its grid-filament impedance. 

With the receiving end impedance an ordinary 
capacity of constant phase angle, it is necessary in 
order to deliver uniform power over a range of frequency 
to match impedances at all frequencies or supply a 
voltage which decreases inversely as the square root 
of the frequency. In a vacuum tube amplifier, when 
the output or plate-filament current is proportional to 
the input or grid-filament voltage, uniform output 
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power will be delivered at varying frequency provided 
the input voltage is kept constant. When operating 
into a vacvum tube, therefore, it is not required to 
match the circuit impedances at all frequencies to 
limit distortion. An ideal input transformer of fixed 
ratio will tend to cause the vacuum tube to deliver 
uniform power over a range of frequency but only 
throughout that part of the frequency range in which it 


can maintain constant voltage across the erid-filament 
impedance. 
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The receiving end circuit impedance Zs is usually 
larger than Z;. The equivalent unity ratio circuit and 
the equivalent 7 network of the equivalent unity ratio 
transformer are, therefore, obtained by dividing S and 
Z» by Rand M by VR instead of multiplying as in 
Fig. 5. Such an equivalent unity ratio circuit is 
shown in Fig. 11. 

In considering the losses introduced in the circuit 
by the input transformer it is not convenient to compare 
the received current through the actual transformer 
with that of the ideal transformer of either variable 
or fixed ratio as neither ideal transformer delivers 
uniform input voltage to the vacuum tube at all 
frequencies or causes the!amplifier to deliver uniform 
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power. A more satisfactory basis of - comparison, 
particularly for input transformers of different ratios 
which are intended for the same circuit conditions, is 
obtained by comparing the ratio of the potential 
produced across the grid-filament impedance Z; 
(see Fig. 3) to the potential E impressed on the circuit. 
This ratio gives the amount of effective amplification 
produced in the amplifier by the input transformer. 
The losses of the input transformer have the same 
general frequency variations as the losses of the 
transformer operating into an ordinary negative 
reactance except that at the first resonance frequency 
the losses produced by the mutual impedance M/./-R 
of the input transformer may be zero but never 
negative. It is to be noted that the d-c. resistance of 
‘the secondary produces zero loss at zero frequency 
while the loss due to the d-c. resistance of the primary 
is finite. 
Input transformers designed for audio frequencies 
operate into the high negative reactance of the vacuum 
tube and therefore the secondary and mutual im- 
pedances are necessarily of large magnitude. The 
capacity of the transformer windings under these 
conditions becomes of considerable importance and 
even when limited by careful design usually causes 
parallel resonance in the arm c of the transformer 
network in the transmitted frequency range. The 
same is the case with input transformers designed for 
carrier frequency operation although the impedances 
involved are usually not so large. Above this resonant 
frequency both the arm ¢ and the impedance Z./R 
are negative reactances and their impedances tend to be 
annulled by the leakage reactance of the arms a and 6. 
The combined effect of the leakage reactances of 
these arms produces resonance with the transformer 
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and tube capacities which may increase the transformer 
amplification characteristic even above the value given 
by the ratio of secondary to primary turns. 

Amplification characteristics produced by trans- 
formers of different ratio operating from a sending end 
impedance of 20,000 ohms into a 216-A vacuum tube 
are shown in Fig. 12. It will be noted that as the 
impedance ratio of the transformer is lowered, the 
amplification characteristic flattens out and the fre- 
quency distortion is reduced. In the characteristics 
of some of the lower ratio transformers, a gain in 
amplification above the ratio of turns of the transformer 
may be noted at the higher frequencies. 

It is to be noted that in the circuit of Fig. 11, a and 
b are positive reactances while at the high frequencies 
c¢ and Z,/R are negative reactances and the circuit 
approximates a low pass filter. As a filter, it has a 
cut-off frequency above which it tends to limit trans- 
mission and the amplification characteristic falls off 
quite rapidly. 

The d-c. resistance of the primary is of more impor- 
tance than the d-c. resistance of thesecondary. Inthe 
well-proportioned input transformer, the value of the 
arm ¢ particularly at the resonance frequency becomes 
very large as compared with the sum of the impedance 
Z,and the impedance of the arm a and at these 
frequencies the transformer gives practically the 
amplification represented by the ratio of secondary to 
primary turns. However, at the lower frequency 
range, where the impedance of the arm ¢ becomes more 
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nearly equal to the sum of the impedances of Z; and 
the arm a, the d-c. resistance of the primary produces 
a loss in amplification. The d-c. resistance of the 
primary is, therefore, a factor in the distortion at the 
lower frequencies. 

For the rapid analysis of an input transformer, it is 
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customary to consider the d-c. resistance of P as added 
directly to Z, to form Z); to consider the total 
leakage reactance, + j X,, located entirely in the arm 
a; to neglect the d-c. resistance of S; to combine the 
capacity of the vacuum tube and effective capacity of 
the transformer as determined as located across S to 
form the reactance —j7X, and to consider the 
mutual impedance M as the impedance due to the 
transformer windings exclusive of capacity. Such a 
circuit as shown in Fig. 18, approximates the actual 
circuit conditions quite closely in the ordinary case and 
is useful in design work. 
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For an audio-frequency input transformer of a given 
ratio, the losses or the departure from full amplification 
depend.at low frequencies, principally on the value of 
the mutual impedance, while at high frequencies 
the effective capacity of the tube plus that of the 
transformer has a considerable influence. As the 
mutual impedance is a function of the number of turns, 
while the capacity is practically independent of the 
number of turns, it follows that, in general, for an input 
transformer operating over a wide band of frequencies, 
the higher the mutual impedance, the wider will_be the 
transmitted frequency band. 
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Fig. 14 shows the variation in amplification obtained 
with input transformers of the same ratio but of 
different mutual impedances operating between a 
resistance of 15,000 ohms and a 216-A vacuum tube. 
It will be noted that as the mutual impedance is in- 
creased the width of the transmitted frequency band 
is increased and the mid-band frequency is lowered. 
The upper slope of the frequency characteristic is 
determined principally by the leakage reactance of the 
transformer and the transformer and vacuum tube 
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capacities. In transformer C the leakage reactance is 
so proportioned that resonance with this capacity 
extends the flat portion of the amplification characteristic 
upward in the frequency range. The lower slope 
of the characteristic is determined principally by 
the mutual impedance of the transformer. 

This advantage of high mutual impedance explains 
the use of No. 40 and No. 44 A. w. g. enameled wire 
for the secondaries in most audio frequency input 
transformers, as giving the highest impedance secondary 
windings that can be commercially applied with 
different methods of winding. With the gage of wire 
and the secondary impedance thus determined, the 
possible amplification characteristic will depend on the 
transformer ratio. With a number of predetermined 
characteristics of different ratio transformers prepared 
asshown in Fig. 12, the required windings for the input 
transformer may be determined to give a desirable 
compromise between the amplification and the trans- 
mission distortion permissible. 

From the standpoint of minimum distortion, it 
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should be mentioned that it is desirable to use vacuum 
tubes of low plate-filament impedance in the amplifier, 
particularly if this can be done without sacrificing the | 
tube amplification factor. The effect on the input 
transformer characteristic of operating it from tubes 
of different plate circuit impedance is shown in Fig. 15. 

In the earlier telephone repeaters,® a resistance was 
shunted across the secondary of the input transformer 
and the grid-filament impedance of the vacuum tube. 
This resistance was of sufficiently low magnitude to 
determine the impedance into which the input trans- 
former operated and the transformer was given the 
proper impedance ratio to match this impedance with 
the impedance from which the transformer was 
operated. This resistance served to aid in obtaining 
a flat amplification characteristic and to fix the im- 
pedance measured on the primary of the transformer 
with the secondary connected in circuit. An impedance 
characteristic was produced as shown in Fig. 4 instead 
of the characteristic of the type shown in Fig. 2, which 
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represents simply a transformer with appreciable 
effective. capacity in the windings. Later on an 
Improvement was made by shunting the primary of 
the input transformer with a resistance of a value 
equal to the resistance formerly used across the second- 
ary divided by the transformer impedance ratio. 
It will be noted that in the first case, the transformer 
operates into a circuit which is principally a resistance 
while in the second case, it operates into a capacity. 
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Transformer Resistance Resistance 
Curve Impedance Ratio Across Low Side Across High Side 
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Measured amplification characteristics of an input 
transformer operating under both circuit conditions 
are shown in Fig. 16 which gives, in addition, the 
characteristic of an input transformer of the same 
size and construction designed to give the same value of 
amplification as in the first two cases but without the 
shunting resistance. The superiority of the latter type 
of circuit in giving a uniform amplification characteristic 
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is easily seen. This last circuit connection does not 
have an input impedance characteristic which is 
practically independent of frequency and itis, therefore, 
more limited in its uses. 


TRANSFORMER CONSTRUCTION 


The type of transformer most used in the,telephone 
plant is a toroidal core transformer usually called a 
repeating coil. This type of transformer has a ring- 
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shaped core of soft magnetic iron wire or silicon steel 
laminations completely covered with the primary 
winding over which is applied the secondary winding. 
Such a transformer, when the dimensions are properly 
proportioned and the winding is applied so as practically 
to fill the central hole in the core, is a very efficient 
structure. The symmetrical distribution of winding 
limits the stray field, thus preventing cross-talk 
trouble in neighboring circuits. The cost of winding 
has been reduced to a low value by the development of 
a winding machine in which a circular shuttle threading 
through the center of the core is used to hold the wire 


_ which is wound on the core by a motor-driven annular 
_ part of the machine. The windings are accessible 


and permit of easy adjustment. This type of trans- 
former is used in telephone installations where the 


_ impedances of the circuits in which the transformer is 


operated are less than 20,000 ohms and where the 
frequency is relatively low. The usual type of 
mounting of two repeating coils on a common base is 
shown in Fig. 17. The case has been removed from 
the front coil unit to show the construction. 

The telephone induction coil used in all subscribers 
sets is an Open magnetic circuit core type transformer. 


Fig. 18—TervterHone INpucTION CoIL 


The impedance and frequency requirements of the 
circuit in which this form of transformer is used are not 
severe and the value of the transmission is relatively 
low due to the fact that any one transformer is used a 
relatively smal! part of the time and only for con- 
versations from a single station. This, together with 
the facts that the transformer must be designed to 
operate with direct current through the windings and 
stray magnetic field is of no particular disadvantage 
permits the use of this relatively inefficient type of 
transformer shown in Fig. 18. It is to be noted that 
in this transformer the winding is located about the 
center portion of the core only as in this location the 
highest ratio of inductance to d-c. resistance is obtained 
giving maximum efficiency. 

For portable test sets, considerably lighter and 
smaller types of transformer than are generally used in 
the telephone plant are required. Transformer A of 
Fig. 19 shows the type of transformer used in sets such 
as the S.C. R. 72 amplifier developed for the Signal 
Corps of the United States Army. This amplifier set 
was intended to operate on 1000-cycle telegraph signals 
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transmitted through the ground. The transformers 
used in this set were required to operate efficiently 
only in the neighborhood of 1000 cycles and trans- 
mission at other frequencies was sacrificed to obtain 
maximum amplification at this frequency. An ampli- 
fication characteristic of the input transformer of this 
set is given in Fig. 20. ‘This type of transformer was 
widely used in both Signal Corps and Navy radio 
transmitting and receiving sets throughout the war 
and weighed about two pounds. 


Fig. 19—Suett Types TRANSFORMERS. 


The type of transformer shown as B in Fig. 19 is 
also of shell type construction and is used in portable 
telephone field test sets and weighs 12 ounces. 

One of the latest designs of shell type transformer and 
the one which was used for most of the experimental 
characteristics given herein is shown in Fig. 21. The 
construction of this input transformer, the No. 224 
type, is such that winding and assembly can be readily 
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accomplished and repair easily effected if necessary. 
The winding space and the core have been proportioned 
to obtain minimum cost of manufacture. The core 
consists of J and EF’ shape laminations riveted together 


to form an J and F# part which butt together forming - 


the core. The winding is placed on a spool which fits 
over the central limb of the H. The two core parts are 
held together by means of two brackets which are held 


in place by four machine screws. The terminals are 
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arranged on insulated mounting plates held under the 
screws of the mounting bracket and serving as mechan- 
ical protection to the lead wires. 

It may be noted that whereas the form of toroidal 
repeating coils is core type, that of the transformers 
employing spool windings is shell type. The core type 
is used for the toroidal repeating coils as it permits 
ready adjustment of the windings and the shell type 
is used in the transformer having spool windings as it 
permits the use of a winding of small effective capacity. 

The size of the transformer is governed by three 
factors, the amount of space available, the cost per- 
missible and the ratio of inductance to d-c. resistance 
which is required to give the desired freedom from 
transmission loss. 

In the windings of telephone transformers, cotton 
or cotton and enamel is used for the insulation of the 
heavier gages of wire while for the smaller gages, 
enamel or enamel and silk is used. The gage sizes 
used range from No. 18 A. w. g. or heavier to No. 44. 
In input transformers, the d-c. resistance of the second- 
ary winding usually causes an inappreciable loss and it 


Fig. 
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is, therefore, desirable to have it take up as little space 
as possible and the smallest size of wire which can be 
used with the different commercial methods of winding 
is employed. The quality of the enamel! insulation 
generally used for this winding is a determining factor 
in the minimum size of winding which can be used. 
With the best enamel, it is possible to wind No. 40 
A.w.g. wire with little or no interleaving paper 
and with little special machinery, and have the resulting 
windings reasonably free from short circuits. How- 
ever, with inferior enamel, it is necessary to use a 
covering of silk in addition to the enamel, or to use 
interleaving paper between each two layers of the 
winding. This extra insulation, needless to say, 
causes a considerable increase in the space taken up by 
the winding, which is undesirable. 

In transformers in which the effective capacity is 
an important factor, it is frequently necessary to apply 
the winding in such a way as to reduce the capacity to 
a minimum. The effective capacity depends on the 
size. of the transformer winding, more care being 
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required to reduce it to a reasonable value in a large 
than in a small transformer. The capacity of the 
winding may be conveniently considered as composed 
of four parts, part one being the sum of the capacities 
between each two adjacent turns all connected in series 
from one terminal of the winding to the other, part 
two the sum of the capacities between adjacent layers 
in series, part three the capacities between adjacent 
winding sections in series and part four due to the 
capacities between the winding and any other metal or 
other windings in the neighborhood. These capacities 
may be considered in effective values as connected 
across the winding terminals. Of these component 
capacities, the first may usually be neglected entirely, 
as it consists of a large number of small capacities in 
series, this number being only slightly less than the 
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Fig. 22—TRANSFORMER AMPLIFICATION CHARACTERISTICS 
WITH DIFFERENT WINDING CONNECTIONS 


total number of turns. The fourth part is usually the 
most important as it seldom consists of more than two 
capacities in series. The second and third parts of the 
effective capacity are of importance depending on the 
number of sections and layers and the capacity between 
adjacent ones. In high ratio transformers, it is 
usually sufficiently accurate to consider the lower 
impedance winding as an equi-potential plate and to 
consider the capacities with regard to the high im- 
pedance winding only. 

The effect of inter-winding capacities in affecting 
transmission is given in Fig. 22. This figure shows how 
sometimes these capacities may be connected between 
approximately equal potential points in the circuit and 
thus lessen the effective capacity of the winding. The 


_ transformer on which these characteristics were taken 


is the same as that shown in Figs. 19 and20. Character- 
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istic A represents the normal connection of windings 
with the interwinding capacity C located between the 
parts of the circuit a and e in which it is effectively 
across one half the impedance of the primary, 1-2. 
Characteristic B shows the amplification obtained with 
the secondary winding, 3-4, reversed, terminal 3 being 
connected to the grid of the vacuum tube instead of 
the filament. In this case the capacity C is across the 
entire secondary impedance in addition to one-half 
the primary impedance, the combined impedance 
being approximately 200 times the impedance under 
the circuit connection A. The effect of this inter- 
winding capacity being connected across points of 
widely different potential in the circuit in lowering the 
frequency of the amplification peak is clearly shown. 

Transformers are subjected in service to conditions 
of temperature and humidity which vary greatly. 
Conditions in exchanges in the tropics and in certain 
sets for outdoor use are particularly severe while in 
some other locations there is but little chance of 
Under conditions of humidity electrolytic 
corrosion will take place provided salts which might 
form an electrolyte on the addition of moisture are 
present in the completed windings. Corrosion will be 
accelerated in circuits in which there is a direct-current 
potential between some point in the winding and 
another neighboring metallic part. It frequently 
causes the windings of the transformer to open-circuit 
particularly when they are wound with the smaller 
gages of wire. It is rather difficult to obtain materials 
which are free from slight amounts of salts and to keep 
the transformer winding free from them during the 
operations incident to manufacture. Perspiration from 
the operators hands or the use of soldering salts are 
common causes of corrosion. To reduce this trouble 
the windings are imbedded in a moisture resisting 
compound of oils or waxes which is in itself chemically 
inert. The moisture-proofing process is usually effected 
under vacuum after a baking period. The advantages 
of a carefully worked out moisture-proofing treatmentin 
prolonging the useful life of transformers is so great 
that it has been universally adopted in all carefully 
designed transformers. 

In the foregoing, the transformer has been treated 
from the standpoint of the transmission of telephone 
currents and those features have been presented which 
appeared to the writer to be of special interest and 
usefulness to those interested in its application to this 
problem. In conclusion, the writer wishes to ac- 
knowledge his indebtedness to Mr. Thomas Shaw of the 
American Telephone and Telegraph Company and to 
Mr. K. &. Johnson of the Western Hiectric Company, 
Inc., with whom he has been associated for a number 
of years on the general problem of telephone trans- 
mission and in the application of the principles de- 
scribed herein. 
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Review of the Subject.—A signaling system %s described 
which serves to extend to the field of radio telephony the same sort of 
calling facilities as are now available in wire telephony. By its 
means the radio attendants or subscribers are enabled to signal 
each other without requiring that the called party should have to 
listen with a receiver. The system is intercommunicating with 
a capacity for a large number of stations on one wave length. It 
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has a range of operation extending as far as a radio channel suitable 
for the commercial transmission of speech can be reliably maintained, 
and offers a very satisfactory degree of freedom from interference. 
Furthermore, it employs simple, standard types of telephone 
apparatus. Some possible fields of usefulness of the system, its 
outstanding characteristics, and the apparatus which wt employs 
are described. 


INTRODUCTION 


N any system of communication, it is desirable that 
means be provided whereby an attendant or sub- 
scriber may be called without requiring that he 

should have to listen on a particular line. In wire 
telephone systems, as is well known, means are provided 
whereby the central office operator may ring a sub- 
scriber’s bell. In addition, signaling equipment is 
provided which permits calling the attention of the 
central office operator at either station on a line to a 
particular circuit, without requiring her to listen on that 
circuit. Thus, it is possible for the operator, after she 
has established the desired connections between certain 
circuits, to give her attention to others.- 


The need of such independent signaling facilities for 
radio systems has not in the past been an important 
factor, on account of the fact that licensed operators 
have been required by law to stand watch at all trans- 
mitting stations. However, in certain of the various 
commercial applications of radio telephony which are 
now being considered, it is undoubtedly true that the 
licensed operators on continuous watch could be 
dispensed with, without detriment to the public safety 
and, in these instances, signaling facilities would be a 
distinct advantage. 

To anticipate these needs, the development of 
signaling arrangements suited to practical use with 
radio systems has been undertaken and much progress 
has been made. The problem involves the difficulty 
that the communication channel provided by radio may 
be less easily maintained in a stable condition than a 
wire channel. However, it is now felt that it will be 
practicable to provide signaling facilities adapted to any 
type of radio telephone service for which a channel 
suitable for the commercial transmission of speech can 
be reliably maintained. This will be of considerable 
advantage, it is thought, in the commercial develop- 
ment of such service. 


One promising possibility for the use of this signaling 
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system would seem to be in the field of marine radio 
telephony. In ship-to-shore radio telephony automatic 
signaling would serve to lessen the radio operators’ 
duties. Undoubtedly, there would be considerable 
operating advantage, from a commercial standpoint, 
in placing the ship-to-shore radio telephone service 
on the same signaling basis as wire lines. This might 
be expected to become particularly important if the 
volume of such radio telephone traffic became large. 

Among other commercial applications of radio 
telephony in which signaling facilities are expected to 
prove advantageous, might be mentioned the point-to- 
point service. A radio telephone system for such a 
service is being installed by certain interests in Persia as 
a means of communication between points not reached 
bywire systems. An automatic signaling system of the 
type described in this paper is to be employed in this 
case, and a number of intercommunicating stations 
are expected to be involved eventually. In the United 
States there has not, thus far, been much field for the 
commercial application of point-to-point radio tele- 
phone systems. However, where conditions do not 
favor the installation of wire lines, as in the Persian 
case, point-to-point radio systems may be expected to 
find application. 


DESCRIPTION OF BASIC SYSTEM 


The experimental work has indicated that a low- 
frequency signaling system employing a mechanically 
tuned alternating-current receiving relay is well 
adapted to operation in connection with radio systems. 
Such an arrangement has been shown to be both 
highly selective and sensitive. These qualities result 
in giving a very satisfactory degree of freedom from 
interference, while at the same time the signaling energy 
level required is so low as to permit operation directly 
from a radio set employing the smallest available 
types of vacuum tubes. 

With such a system, standard types of apparatus may 
be employed for the signaling equipment, which is not 
expensive as compared with the cost of the remainder 
of the radio equipment. Furthermore, the ordinary 
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types of radio transmitting and receiving circuits may 
be used, without modification. 

In testing the system over short distances a simple 
radio transmitter was used, employing one modulating 
and one oscillating tube, each of the so-called E type. 
This transmitter had an output capacity of about 5 
watts at wave lengths between 200 and 450. meters. 

Any type of radio receiver which is suitable for 
recelving speech over the particular radio system 
employed may be used. In the tests, one having two 
stages of radio-frequency amplification, a detector and 
one stage of audio-frequency amplification, all of which 
utilized the small N type vacuum tubes, was employed. 
The signal-receiving apparatus was operated either 
from the detector tube or the audio-frequency amplifier, 
depending upon the signaling range desired. 

Fig. 1 shows this scheme in its most simple form 
which may be made to serve as the basis for a variety 
of systems, suited to different purposes. As seen in this 
figure, the outgoing signal is produced by applying an 
alternating current of a particular frequency to the radio 
transmitter in the same manner as the speech currents 
are applied. Modulation of the radio carrier wave at 
the signaling frequency results. In this particular 
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system, the signaling current frequency employed is 
135 cycles. 

‘At the receiving end the radio carrier wave, modu- 
lated by the signaling current, is detected in the radio 
receiver in the usual manner. The output of the 
detector thus includes a component similar to the 
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signaling current originally sent into the radio trans- 
mitter at the outgoing end. 

This received signaling current is sent into an alter- 
nating-current relay of a type particularly adapted to 
the purpose, which serves to close a sensitive direct- 
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current relay in a local circuit. This combination 
of relays acts as a mechanical rectifier. | 

Fig. 2 represents very roughly the form of the. 
signaling currents at the various stages in the process of 
operation of the basic system. In this figure, the 
operation at the transmitting end is shown at A, B and 
C, while that at the receiving end is shown at D, E;, F, 
and G. Such a graphical representation of these 
currents cannot, of course, be made accurate in a 
quantitative sense, but it permits visualizing the 
character of the signal at different steps in the process 
of operation. 

At A in this figure is shown the direct-current impulse 
through the sending key and direct-current signal- 
transmitting relay, which occurs when the key is closed. 

The operation of the signal transmitting relay, which 
occurs when the sending key is closed, supplies 1385-cycle 
current to the radio transmitter as shown at B. 

The modulation of the radio carrier wave by the 
135-cycle current results in antenna current of the form 
shown at C. This consists of the radio frequency 
current varying in amplitude at a rate dependent upon 
the frequency of the impressed signaling current. 

The form of the incoming current in the antenna or 
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loop at the radio receiving station, as shown at D, is the 
same as that of the transmitted antenna current 
previously shown at C, but is of course greatly 
attenuated. 

This radio-frequency current, varying in amplitude 
at a rate dependent upon the modulating frequency of 
135-cycles, is impressed upon the detector in the radio 
receiver. The detector functions in the usual manner, 
giving as one of the components of its output, 135-cycle 
current as shown at HE. This is similar in form to the 
signaling current originally sent into the transmitter, 
as shown at B. 


The 135-cycle component of the detector output is 
sent into the alternating-current relay and causes its 
mechanically tuned reed to vibrate at a corresponding 
rate. The vibration of the reed closes the local circuit 
through its contacts and the sensitive direct-current 
relay intermittently. This results in a uni-directional 
pulsating current through the sensitive direct-current 
relay, as shown at F, and holds the latter closed. 

The sensitive direct-current relay, thus operated 
through the contacts of the vibrating reed, serves to 
close the circuit through a secondary relay suited. to 
operate directly the local signal. The form of the 
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current at this point, as shown at G, corresponds closely 
to the original signal-transmitting impulse through the 
sending key and direct-current relay, as shown at A. 
The operation of the secondary direct-current relay in 
this manner constitutes the conclusion of the final step 
in the functioning of the basic signaling system. Sub- 
sequent steps depend upon the type of signaling 
facilities desired, as will be described later. 


OPERATION OF ALTERNATING-CURRENT RELAY 


The reliability and range of operation of this system 
are due in a large measure to the characteristics of the 
particular type of alternating-current relay used. 
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This relay is unusually sensitive, as it will operate on as 
little power as 30 microwatts corresponding to a current 
of about 0.25 milliampere. The selectivity of the relay 
is such that a 4 per cent change in the frequency of the 
signaling current necessitates doubling the current to 
give equally effective operation of the relay. 

Fig. 3 shows the arrangement employed in associating 
the vibrating reed relay with the local circuit. It is seen 
from this diagram that the vibrating reed inter- 
mittently closes a circuit associated with a sensitive 
direct-current relay in such a way that the latter is held 
closed. The direct-current relay is held operated 
without vibration, as long as the reed of the a-c. relay 
is vibrating at the frequency of the signaling current. 
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The action of this particular local circuit is such that 
effective operation of the a-c. relay may be obtained 
with a very small 135-cycle current. The condenser 
connected in parallel with the sensitive direct-current 
relay and the resistance in series with the condenser are 
so chosen in value that the condenser will take an 
effective charge from the local battery in a short period 
of time. Thus, but a small amount of work is required 
to be done in the form of contact pressure by the vi- 
brating reed to charge the condenser to the degree 
necessary to operate the sensitive direct-current relay 
by -discharging through the winding of the latter. 

The curves shown in Fig. 4 indicate approximately 
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the relation between the condenser voltage and contact 
current over a period of time corresponding to one cycle, 
that is 1/135 of a second. From these curves it is seen 
that the contacts need be closed for only a small fraction 
of the cycle. Thus, little energy need be expended to 
effect the operation of the local relay. 

Fig. 5 is a typical curve showing the performance of 
the relay in relation to the frequency of the signaling 
current under average conditions of adjustment. The 
mechanical tuning of the reed is largely responsible for 
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its selectivity. The reed is adjusted so that the natural 
period corresponds closely to the frequency of the 
signaling current. It is thus very selective and is 
relatively free from the ordinary sources of electrical 
interference such as those caused by telegraph signals, 
static, voice currents, etc. 

Fig. 6 shows the general structure of the relay. The 
relay is provided with plug connections so that it may be 
inserted in the circuit or removed from it readily, 
without requiring soldering of connections. Thus, it is 
convenient to make necessary ajustments of the 
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relay separate from the circuit with which it may be 
associated in service. The relay is well protected from 
interference due to mechanical vibration by padding in 
the mounting. This eliminates rigid mechanical 
connection between the relay and its external support, 
thereby preventing loss of energy. A stop-pin is also 
provided which prevents undue vibration of the reed 
due to transient impulses or excessive currents. 


SIGNALING CURRENT FREQUENCY 


The signaling current frequency used in the practical 
application of this system, as previously mentioned, has 
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been 135 cycles. This has had the advantage of being a 
frequency which is low enough to be relatively free 
from the various kinds of interference experienced in 
radio systems.and at the same time permit the use of 
simple and reliable apparatus. The fundamental 
features of the system, however, are such as to permit 
its being adapted to use with other low frequencies, if 
such should be desired. 

The inherent advantages in the use of a frequency 
well below the ordinary voice range for telephone 
signaling, may be readily made effective in a radio 
telephone system, since there is ordinarily nothing in 
such a system to discriminate against the lower fre- 
quencies. In fact, as far as the radio characteristics 
of the system are concerned, what difference there may 
be is in favor of the lower frequencies, because of the 
close approach of the modulated carrier wave in this 
case to the carrier frequency itself. While this factor 
may not be practically important with the short-wave 
systems now commonly used in radio telephony, it is 
more likely to be of account with longer waves. 

The high degree of freedom from interference which 
is obtained with this system is in a measure due to the 
use of a frequency as low as 1385 cycles for signaling. 
This is particularly true with respect to the interference 
caused by spark and I. C. W. telegraph. The tones 
from these sources, being within the audible range, are 
likely to interfere with any system tuned to a normal 
voice frequency. 135 cycles, however, being well below 
these frequencies, permits the effective use of both 
electrical and mechanical tuning in the signal-receiving 
apparatus to discriminate against interfering currents. 
This point was well demonstrated in the signaling tests 
in which it was found that radio telegraph signals 
similar to those from an J. C. W. or spark transmitter 
would cause the received speech to become unintelligible 
when the energy level of the interference was only 20 
or 30 per cent of that required to cause the signaling 
system to fail. 

Another advantage in low-frequency signaling occurs 
when the signaling apparatus is desired to be bridged 
across the talking circuit. In this case greater efficiency 
results in the use of 135-cycle signaling, by reason of the 
fact that it is possible with this low frequency to pass a 
large proportion of the received signaling energy into 
the signaling circuit. If a much higher signaling fre- 
quency were used, such that it occupied a more impor- 
tant part of the speech range, an undesirable loss might 
be caused by an efficient signaling circuit. 


135-CYCLE SUPPLY 


The highly selective signal-receiving apparatus which 
is used in this system permits a greater sensitivity in 
reception when the outgoing signaling currents are kept 
closely to the desired frequency. This has been 
accomplished practically by the development of a 
135-cycle interrupter capable of maintaining close 
regulation and an output of good wave form. 
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Fig. 7 shows the circuit arrangement of the in- 
terrupter which has been developed for commercial use. 
This employs a tuned vibrating reed actuated by an 
electromagnet when direct current is applied. The 
contacts on the reed being in.series with the battery 
circuit, vibration of the reed is effected in the manner of 
an ordinary buzzer. The-actuating circuit of the 
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vibrator is bridged by the primary side of a transformer 
in series with a condenser, the secondary side of the 
transformer being connected to a filter for suppressing 
harmonics in the output. 

Fig. 8 shows the structure of the vibrator for the 
interrupter. Since the output frequency of the inter- 
rupter for a given applied voltage depends upon the 
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natural period of the reed, means are provided for 
closely adjusting the latter. It will be noted that this 
consists of a weight, the position of which along the reed 
is adjustable. This weight is used in making the initial 
adjustment of the vibrator to give 135 cycles at the 
normal battery voltage, but variations in adjustment 
are not required in subsequent operation of the 
interrupter. 
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This matter of frequency regulation is a most 
important one in the performance of the interrupter. 
As shown in Fig. 9, the frequency of the output may 
vary several cycles for a variation in the applied voltage 
of 20 to 28 volts. This voltage variation represents the 
maximum which might be expected to occur with an 
11-cell storage battery operated on a charge and dis- 
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charge basis, without any regulating device. If the 
battery voltage is maintained within closer limits than 
20 to 28 volts, as may be accomplished by various 
means, it is seen from the curve in Fig. 9 that corre- 
spondingly closer regulation of the output frequency 
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may be obtained. For example, if duplicate batteries 
of adequate capacity are available, the applied voltage 
may be kept within limits such that the output fre- 
quency will vary only about one cycle. 
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average conditions, affect the current requirements of 
the receiving relay. By keeping the battery voltage 
within fairly close limits, reliable operation on smaller 
currents may be depended upon. Where desired, 
advantage may be taken of the closer frequency 
regulation obtained in this manner to secure greater 
signaling range. 

The maximum output capacity of this interrupter is 
about three-fourths of a watt. The output voltage 
varies from about 25 volts at no-load, to 20 volts when 
the load is 35 milliamperes and 12 volts for a load of 60 
milliamperes. 

In certain of the signaling tests over short distances, 
a simplified form of the above interrupter was used. 
Under the testing conditions in this case, a smaller 
135-cycle output was sufficient for the purpose and it 
was possible to reduce the size of the filter for the 
interrupter and to operate it with a 6-volt battery 
instead of a 24-volt battery. 


AUTOMATIC SELECTIVE SIGNALING SYSTEM 


This signaling system may be adapted readily to 
automatic selective operation, whereby any one out of a 
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ARRANGEMENT OF TRANSMITTING APPARATUS 


Fig. 10 combines the voltage-frequency curve for 
the interrupter and the frequency-current character- 
istic of the relay to indicate directly how variations in 
the voltage applied to the interrupter and the con- 
sequent changes in output frequency may, under 
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number of stations on the same wave length may be 


- signaled individually, or all may be signaled simul- 


taneously. This form of the system is expected to be 
particularly useful in radio telephony, since a number 
of intercommunicating stations may often be involved 
as in the marine and point-to-point services. The 
illustrations which follow will give a picture of a typical 
arrangement of the automatic selective system. 

From Fig. 11 the operation of the circuit at the 
transmitting end is seen to be as follows: The signaling 
key for the station which it is desired to call is operated 
and serves to produce a series of direct-current impulses 
in the form of a code corresponding to that assigned to 
the called station. For example, if a certain station is 
desired whose code signal is 8-5-4, a series of direct- 
current impulses suitable to indicate this number are 
sent out. These direct-current impulses operate at 
first a direct-current signal-transmitting relay which 
connects to theradio transmitter corresponding impulses 
of 135-cycle current, in such a manner as to modulate 
the outgoing carrier wave with current of this frequency 
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in a coded series of impulses each similar to the single 
impulse described in connection-with the basic system. 

As shown in Fig. 12, at the receiving end the radio 
receiver serves to detect the 135-cycle signals in the 
manner described in connection with the basic system, 
and these signals are sent into the alternating-current 
relay which operates in accordance with the code 
originally transmitted. This causes the sensitive 
direct-current relay to operate in accordance with the 
code and to produce in a local circuit direct-current 
impulses corresponding to the original impulses sent out 
at the transmitting end. These impulses then serve to 
operate a reversing relay which reverses the potential 
applied to a condenser in series with a stepping mechan- 
ism known as the selector, such that when the proper 
combination of impulses is received, the mechanism 
closes a circuit arranged to operate the desired local 
signal. 

The functioning of the selective system may be 
followed in greater detail, by considering the form which 
the signal takes at various stages. Fig. 18 shows 
graphically the general form of the signaling currents 
in the successive steps necessary to transmit a typical 
code signal, such as 8-5-4. 

The form of the original code signal, as applied by 
means of the sending key to the winding of the direct- 
current signal-transmitting relay, is shown at A. It is 
seen from this that the number of impulses sent is equal 
to each of the numbers in the code, either the making or 
breaking of the current (and consequently either the 
closing or opening of the signal-transmitting relay) 
counting as one impulse. This is due to the use of 
reversals in the final receiving operation, as will be 
explained later. 

Each time thesignal-transmitting relay is closed by the 
dirrect current applied through the sending key, 135- 
eycle current is supplied through the contacts of this 
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relay to the radio transmitter, thus the signaling 
currents impressed on the radio transmitter for the code 
signal 8-5-4 are as shown at iB. 

These coded impulses of 135-cycle current serve to 
modulate the transmitted radio wave so that the 
antenna current is similar to that previously shown for 
the basic system, excepting that the 135-cycle mod- 
ulation of the carrier is interrupted in accordance 
with the code. 

The incoming current at the receiving station 1s 
similar in form to the transmitted antenna current. 
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; The component of the detector output which is useful 
in transmitting the signal consists in 135-cycle impulses 
which are similar in form to those sent into the radio 
transmitter, as previously shown at B. 


The operation of the alternating-current relay, as 
previously explained, serves to operate the sensitive 
direct-current relay in accordance with the transmitted 
code. The contacts of this relay close and open the 
circuit through the reversing relay. The current in the 
winding of the reversing relay is as shown at C. 
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The reversing relay reverses the potential applied 
to the condenser in series with the selector winding. 
The selector is arranged so that it operates on the 
charge and discharge of this condenser. The operation 
of this relay reverses the battery connections to the 
condenser and selector, causing the condenser to dis- 
charge and charge to the opposite polarity whenever the 
relay picks up or releases, and it is this charging current 
which operates the selector. These reversals take place 
in accordance with the original code and produce a 
current in the selector winding as shown at D. When 
the proper code is transmitted, the selector closes a 
local circuit causing direct current, as shown at EF, to 
operate a signal. The final impulse of the series of 
impulses shown at D causes the selector to release and 
return to normal. 

The apparatus employed in this typical arrangement 
of the system is of a type which has been used in 
connection with railway dispatching systems and is 
consequently available in a reliable commercial form. 
The selecting apparatus consists of the code sending key 
and the receiving selector mechanism. 

Fig. 14 shows the structure of one type of sending key 
used for this purpose. This key is set to give the 
desired code for a particular station. Thus, at the | 
sending end it is necessary to have a separate sending 
key for each station to be signaled. 

Fig. 15 shows the structure of a master sending key. 
This is arranged so that it may be adjusted by the 
operator to send out any desired code in the system. 
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Thus, where this type of key is used but one is required 


at the sending end for signaling all stations. 

Fig. 16 shows the structure of the receiving selector 
mechanism with the cover removed. This piece of 
apparatus consists essentially of a polar relay with a 
ratchet attachment so arranged that successive opera- 
tions of the relay, at the proper speed, cause the 
stepping around of a contact wheel. Stop-pins are 
provided at certain points to prevent the contact wheel 
from returning to its normal position when the regular 
sequence of stepping is interrupted at these points. 
Any interruption of the regular sequence of stepping 
when the contact wheel is at any other point causes ait 
to release. When the contact wheel has operated 
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is capable of being extended to permit the separate 
signaling of any one out of more than 200 stations. In. 
each of these cases it is also possible to signal all of the 
stations simultaneously, when desired. 

Fig. 17 shows how a system like that which has just 
been described may be arranged for two-way operation. 
This embodies a duplication at both ends of the features 
of the one-way system. With such an arrangement, 
any one station of a number operating on a given wave 
length may signal any other station in the same system, 
without calling in stations not desired. Such a system 
might be used, for example, between ships equipped - 
with radio telephone systems or between the ships and 
the shore, where signaling any one of several shore 
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over 17 steps a contact 1s made which operates a signal. 
Thus, it is seen that to operate the selector so as to give 
a signal, the direct-current pulses must occur in the 
proper sequence and the pauses between the groups of 
pulses must occur at points where stop-pins are located. 


The apparatus which has been described is arranged 
so that as many as 78 stations on one wave length may 
be signaled separately. The same apparatus can also be 
arranged so that at each one of the 78 stations, four 
separate supplementary stations can be individually 
signaled. For example, if a marine radio telephone 
system is involved, any one of four stations on each of 
78 boats could be signaled separately. With a further 
slight modification in the apparatus, the same system 
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stations might be desired. It might also be used for 
intercommunication between a number of fixed stations 


in a point-to-point system. 
FORM AND ASSEMBLY OF EQUIPMENT 

In the possible uses of this signaling system which 
have been mentioned as likely to have the most 
immediate commercial application, the signaling appa- 
ratus is a part of the radio attendant’s equipment rather 
than the-~telephone subscriber’s apparatus. The 
apparatus chosen for the purpose is, therefore, in a 
form which is well suited to central station use, although 
it has no features which would prevent its being used 
conveniently at a subscriber’s station if the service re- 
quired it. 
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In assembling the signaling equipmenta uniform panel 
arrangement has been developed, with the idea that the 
various units might be used interchangeably in meeting 
the requirements of different types of installations. 
To this end, all apparatus has been mounted on panels 
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of a uniform length of 19 inches. The height of the 
different panels has varied according to the amount of 
apparatus in each unit, but this vertical dimension has 
in each case been a whole multiple of the basic di- 
mension of 134 inches. 


Fig. 21—ExpERIMENTAL Rapio TRANSMITTER UNIT 


By;this means it is possible to mount the units in any 
desired manner, If, for example, it is desired to locate 
the radio and signaling apparatus on a desk or table, 
each equipment unit constitutes the front panel of a 
separate box. Fig. 18, shows the various units required 
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to make up a complete one-way system mounted in 
this manner. 
Fig. 19 shows in more detail the signaling and talking 
unit of this group. This unit includes the sending keys, 
a simplified form of 135-cycle interrupter suited to use 
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with the experimental set, and a six-volt dry cell 
battery for operating the interrupter and_ signal- 
transmitting relay. It also includes an induction coil 
and talking battery for use with a telephone transmitter. 

Fig. 20 shows a separate 135-cycle interrupter unit 
which also employs the standard panel assembly. 
Removable covers are provided on both the front and 
back of the panel to protect the apparatus from 
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mechanical injury. This interrupter is of a type 
adapted to commercial use with radio transmitters 
of various forms and output capacities. It employsthe 
circuit arrangement previously described in the section 
on ‘135-cycle Supply.” 

Fig. 21 shows an experimental radio transmitter unit 
of the type which was used in making certain of the 
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signaling tests over short distances. As explained in 
the section describing the basic system, this transmitter 
has an output of about 5 watts at 200 to 450 meters. 

Fig. 22 shows the assembly of one of the radio 
receiver units used in the tests. This is of the radio 
frequency amplifier type employing N tubes, such as 
would be employed in a commercial installation as in the 
Persian point-to-point system. 
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Fig. 23 shows the signal-receiving unit for automatic 
selective signaling. This includes the alternating- 
current relay, the selector mechanism and the necessary 
associated relays to respond to the incoming signal 
when connected to the detector tube of an ordinary 
radio receiver. This unit also includes an N tube 
amplifier for use when it is desired to secure’ the maxi- 
mum signaling range. In this unit, terminals are 
provided on the rear of the panel in addition to the 
binding posts on the front, so that when the panel is 
removed from the box, rear wiring can be used if desired. 


If it is desired to associate several panels together in 
one cabinet, each panel is detached from the box and 
mounted on the vertical supports which are provided 
in the standard cabinets. Fig. 24 shows the experi- 
mental radio transmitter together with the signaling and 
talking unit assembled in one of these standard cabinets 
which are designed to house equipment of any type 
mounted on standard panels. Fig. 25 shows the radio 
receiver and signal-receiving unit in a similar cabinet. 


In some cases it may be desirable to mount the radio 
receiving apparatus, signal-receiving unit, signaling and 
talking unit and other associated apparatus together on 
one rack, without employing cabinets. Fig. 26 shows 
how this might be accomplished, the various panels of 
standard length being assembled on a standard rack 
suited to mount many different types of units employing 
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this type of design. In this case, the radio transmitter 
is not included with the receiving apparatus, as it 
is assumed that in a commercial installation it may be 
of a larger and more powerful type than the experi- 
mental one previously shown for purposes of. illus- 
tration. The 135-cycle interrupter is also shown as a 
separate unit, since such a separate interrupter may. be 
required if the output of a small interrupter of the type 
which was included in the signaling and talking unit for 
convenience in the experimental work, is insufficient. 
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REVIEW OF SYSTEM CHARACTERISTICS 


In considering the application to radio telephony of 
the signaling system which has been described, it is of 
interest to review certain of its outstanding character- 
istics. These may be briefly summarized as follows: 

(1) The selectivity of the signaling system is such 
that interference of the kinds ordinarily experienced in 
radio telephony will make speech unintelligible before 
it will cause the signaling system to fail. Due to this 
high degree of selectivity, the signaling apparatus will 
operate if the radio system is 
adjusted so as to permit com- 
mercial transmission of speech, 
when the field strength is as 
low as it is desirable to use for 
the latter. With the types of 
radio apparatus which have 
been described, reliable opera- 
tion of the signaling system has 
been secured with a field 
strength as low as 100 micro- 
volts per meter. 

(2) The sensitivity of the 
signal-receiving apparatus is 
such that the energy output 
obtainable from the smallest 
available types of vacuum tubes 
is more than sufficient to oper- 
ate it satisfactorily. The type 
N vacuum tube can give an } 
output of several hundred < 
microwatts when operated as 
an amplifier, while the sensitive 
135-cycle relay used in this 
signaling system will operate 
with as little as 80 microwatts. 

(3) The system readily 
permits automatic — selective 
signaling, whereby any one station out of a number on 
the same wave length may be signaled separately, as 
well as being adapted to use where only one sending and 
one receiving station are concerned. Seventy-eight 
stations on one wave length may be signaled separately 
with the apparatus which has been described while by 
employing other apparatus of a similar type which is 
at present available, over 200 stations may be signaled 
separately.- The system is also adapted to permit the 
simultaneous signaling of all of the stations which may 
be included in the system on one wave length. 

(4) The form and arrangement of the signaling 
apparatus are practically independent of the type of 
radio service, the power capacity of the radio system 
and the wave length used. It is applicable to ordinary 
radio transmitters and receivers without requiring 
modification of the radio equipment, and at the same 
time is simple in form and not high in cost as compared 
with the remainder of the radio equipment. 
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Review of the Subject.—T he - conditions of stability of a 
| system are discussed and it is pointed out that while the various 
transmission line diagrams as used at present implicitly assume 
the terminal voltage at the two ends to be constant the degree of 
voltage regulation as determined by load conditions “as an 
important factor in the determination of. the limit of output. 
A type of combined diagram is proposed whereby this factor 
and other characteristics of the load may be included. The 
effect of the inherent regulation of synchronous condensers 
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ts taken up particularly with respect to compound transmission - 
lines. 

A numerical example of a 300-mile line is considered and various 
characteristic curvesaredrawn. The relation between themaximum 
output and the capacity of condensers installed at the mid-point 
shows the benefit obtained by increasing the condenser ca-. 
pacity—within certain economic limits. 

Mathematical analyses are presented to cover a number of different 
conditions. 


GENERAL CONSIDERATIONS AND THEORY 


HE transmission of electric power over the long 
distances now considered practicable presents to 
the engineer a wide variety of problems for solu- 

tion, some of which must be primarily economic, while 
others will be more strictly confined within the limits 
of the art. Even these purely technical problems are of 
radically different kinds; for instance, the necessity of 
the use of higher voltages results in questions of insu- 
lation and corona protection, the design of switching 
-equipment, transformers, etc. The particular problem 
-here considered, however, is of the capability of electric 
circuits of high relative impedance to deliver large 
quantities of power. This limitation due to impedance, 
becomes more prominent as the length of the lines in- 
creases and it is pertinent that methods of calculation 
be devised to represent as nearly as practicable the 
actual conditions under which a line may be expected 
to operate. Thisis the object of the present paper. 

If the power demanded from a transmission system 
be in excess of its capability to supply, the connected 
apparatus at the receiving end will drop out of step and 
the system become inoperative. This limitation may 
be called the limit of output, the limit of stability or 
the point of pull-out. Methods of calculation of this 
condition based on transmission line constants and 
assumed voltages, or the diagrams usually substituted 
for these calculations, would give true results if the 
transmission line were the only link for the supply of 
power, but the electrical circuit of a transmission system 
comprises generators, transformers, transmission lines, 
synchronous condensers and the load circuit, and the 
limit of output will be determined by the combined 
effect of all of these. It may be said, therefore, that 
while the various transmission line diagrams as ordi- 
narily employed give correct results as far as the definite 
inter-relations of power, voltage and current are con- 
cerned, the limits of output are only conventional 
values greater than the actual limits, and should be 
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used only for comparative results in the case of impor- 
tant lines. It is possible, however, to combine the 
characteristics of the component parts of a power sys- 
tem to form a single diagram for the whole system. 
To make such a diagram complete becomes a much too 
complicated process, but it is believed that by including 
some of the more important factors, particularly the 
characteristics of synchronous condensers and of the 
load, a fair approximation may be made with only a 
justifiable amount of extra labor. ; 

The methods presented in this paper are particularly 
applicable in determining the limit of output for 
“compound transmission lines’! by which is meant 
those lines employing synchronous condensers at 
intermediate stations for the purpose of voltage regu- 
lation. This type of line, recommended by Frank G. 
Baum,” promises to become of increasing importance 
due to the present tendency toward the development 
of the more distant sources of waterpower and the 
inter-connection of separated systems. 

Before making a detailed study of the limits of output 
of power systems a general conception of stability. of 
operation may be outlined. The principles involved 
are not advanced entirely as assumptions nor as hy- 
potheses, but by presenting the phenomenonin this way 
the purpose of the various diagrams may be rendered 
clearer. 

The characteristics of a transmission line as an elec- 
tric circuit are closely similar to those of a synchronous 
machine, the main differences being the effect of mag- 
netic saturation in the latter, and the much greater 
magnitude of the distributed capacity effect in the 
former. It will be found, in fact, that the various 
transmission line diagrams may be derived directly 
from the classic synchronous motor diagrams of Blondel. 
That the limit of stability of a line is physically re- 


1. The term ‘‘compound transmission line” has been introduced 
as conveying most nearly the conception of this type of line as 
given in the following discussion. 

2. Voltage Regulation and Insulation for Large Power, Long 
Distance Transmission Systems, Frank G. Baum, JOURNAL 
A. 1. EB. E., August, 1921. 
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lated to the pull-out of a synchronous motor is shown 
by the sudden and complete stalling of connected ap- 
paratus when this point is exceeded. When a synchro- 
nous motor is loaded, its rotor drops back in phase posi- 
tion by an angle governed by the synchronous imped- 
ance of the machine, the condition of stability being 
represented by the fact that an increase in angle results 
in an increase of torque. When the limit of stability is 
passed, the torque decreases with an increase in the 
phase angle so that this represents an impossible con- 
dition of operation. The point of transition between 
the two conditions occurs when the phase angle is 
approximately 90 electrical degrees, or more strictly, 
@ = tan-! x/r which may be referred to as the angle of 
pull-out. Similarly, the conventional limit of stable 
operation of a transmission line is reached when the 
phase angle between the sending and receiving ends has 
reached the corresponding value (tan «/r). This 
angle it will be noted is a “line constant” in both cases 
and is entirely independent of the values of voltage 
assumed. 

While the angle of pull-out may be used as the funda- 
mental expression of stability some of its accompanying 
relations are found to form a-more convenient means of 
investigation in more complicated circuits. Thus in 
studying a simple reactive tie line with constant voltages 
at either end, it is found that the voltage as measured 
at any intermediate point will drop as the phase angle 
between the two extremities increases. When the pull- 
out angle is reached the rate of voltage change with load 
must be infinite. Expressing this in mathematical 
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any intermediate point. This has assumed that the 
terminal voltages do not change with load; if this con- 
dition does not exist the rate of voltage decrease will be 
greater over the whole line and pull-out will occur at an 
angle less than tan-!x2/r and at a correspondingly 
smaller load. In other words, the output limit is 
determined not only by the actual voltage values at the 
line terminals at the instant of pull-out, but also by the 
degree of their regulation. With this idea in mind the 
difference between the conventional and actual output 
limitations may be more definitely explained. Trans- 
mission line diagrams assume constant voltages at the 
sending and receiving ends so that the output limit or 
maximum power so derived will represent only this 
ideal condition. Actually, the voltage regulation is 
not perfect at either end of the line, and the conven- 
tional value will not be realized. 

This naturally brings up the question of the effect 
of automatic voltage regulators as used on generators 
and synchronous condensers to maintain constant-volt- 
age at both ends of the line. The response of voltage 
to the action of regulator contacts is much too sluggish 
when compared with changes of phase displacement 
due to load to allow the vibrating regulator to be con- 
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sidered in a different sense from a rheostatic regulator 
operating with occasional adjustment and therefore 
their use will not modify appreciably the analysis of 
stability as given above. Ifa vibrating regulator of a 
much quicker degree of response were devised an en- 
tirely different state of stability might be reached. 
This may be considered as follows,— when the actual 
limit of stability is reached a condenser at the end of the 
line will commence to drift out of step at a rate de- 
termined by the excess load, and the voltage will drop 
correspondingly. A sudden increase in field excitation 
materially increasing the voltage would bring the rotor 
and voltage phase angle back again tending to cause an 
overshoot in the forward direction and consequent high 
voltage. A reduction of field current will result in the 
initial condition being regained, followed by the repe- 
tition of the cycle. This represents a state of artificial 
stability in which, with a quick enough response, it 
would be possible to reach the conventional output 
limit, or the equivalent of perfect voltage regulation 
would be obtained. This theory. of artificial stability, 
although perhaps not a practical possibility, is here 
outlined mainly for the purpose of preventing any mis- 
conception regarding the capabilities and limitations 
of the commercial vibrating regulator in connection 
with the present subject. Moreover, if the state of 
artificial stability were attainable it is very doubtful 
that it would be desirable to depend on this apparatus 
as the main link in maintaining the operation of the 
system. In deriving the limit of output for power sys- 
tems it may be considered that the condensers are 
operating under a definite value of excitation for each 
value of load, this value being adjusted by the regulator 
as the load conditions change. 

The general conception of stability may be considered 
in connection with the theory of compound lines. It 
has been stated that if the voltages at two points in a 
circuit are perfectly regulated the limit of stability 
occurs when the phase angle between the two points 
equals tan-!x/r, this being independent of the re- 
mainder of the circuit. Applying this to the compound 
line it will be seen that if the voltage regulation at every 
condenser station be considered perfect the limit of 
stability is that of the individual sections of line. Add- 
ing sections of line will not reduce the output except by 
the losses in the sections themselves. Actually, of 
course, the inherent regulation characteristics of the- 
condensers used are finite and the actual output limit 
of a compound line must be somewhere between the 
value of the ‘‘weakest” section as referred to above and 
that of the complete line neglecting the intermediate 
condensers. To accurately evaluate such a line the 
actual regulation characteristics of the condensers used 
must be combined with the line diagram. 

The synchronous condenser has inherently very 
desirable characteristics from the standpoint of voltage 
regulation; it forms a kind of reservoir of magnetization 
by delivering magnetizing current to the line in in- 
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creased. amounts as the voltage falls. The rough 
mathemtaical expression for the characteristic of a con- 
denser with constant excitation is as follows: 


E,— E, 
Xe 


I, = magnetizing current. 
' #E. = open-circuit voltage of condenser. 
FE, = applied terminal voltage. 
X,. = synchronous impedance of condenser. 

If a condenser be small, the regulation will be poor 
and its effect towards increasing the capabilities of the 
compound line will be limited. Considering, on the 
other hand, the hypothetical case of a condenser of 
infinite capacity, X. will equal zero and the inherent 
regulation must be perfect, and in the case of the com- 
pound line the limit of stability would be truly that of 
the ‘‘weakest” section alone. This comparison demon- 
strates clearly the importance attached to the choice of 
condensers for such applications. 

_ In the above connection it may be noted that static 
condensers are inherently unsuitable for the regulation 
of long lines. Their inherent characteristics may be 
expressed thus, 


a= 


I,’ = E,/X.’ 


which signifies that the magnetizing current decreases 
with the voltage, the effect on regulation being there- 
fore negative. This same argument applies to the 
distributed capacity of the line itself. 

The subject of stability might be examined from 
one other angle. In a paper before this Institute’ it 
has been inferred that if the load on a transmission 
line could be maintained at a certain critical value, the 
distance to which the power might be transmitted is 
limited only by the line losses. On examining the 
examples given from the standpoint of stability it was 
found that the conventional limit of stability occurred 
at the distance of one quarter wave length. It may be 
stated then that even for the restricted conditions con- 
sidered the use of synchronous condensers at intervals 
of a few hundred miles would be a necessity, not to 
change the voltage conditions, for they might be 
merely floating on the line without carrying reactive 


6 voltage 


ions h 
current, but to reduce the relation iced along the 


line and thus maintain the stability of the system. 


LINE DIAGRAM 


In dealing with long distance transmission lines it 
has become the recognized practise to treat the effects 
of distributedfcapacity by means of hyperbolic func- 


3. “Qualitative Analysis of Transmission Lines,” H. Goodwin, 
Jr. JournatA.I.E.E. January, 1923. 
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Pp) 
tions. The conventional vector equations may be 
written.‘ 

E, = E,cosh W/Z Y + py a (1) 

‘ J/LY 

sinh NIDA, ee 
Tpit Yee le PCOS AZ (2) 


V/ZY 
FE, and FE’, are respectively the voltages at the sending 
and receiving ends, and J, and J, the corresponding 
values of current. Z is the total line impedance, and 
Y the admittance. All quantities are complex. 
These expressions may be abbreviated to the form® 


E,=AEH,+ BI, (la) 
I, =CEH,+AI, (2a) 
and rearranging— 
f= AS Bal, (3a) 
I =—CH,+AI, (4a) 
where 
A =cosh /Z Y 
4 aye sinh WA We 
= RAs 
hie oe vZ¥ 
hws 


The relation of the above formulas to those for the 
simpler short lines may be noted by assuming the dis- 
tributed capacity Y negligible. Under this condition 

Lie sinh «/Z Y 
cosh ./Z Y and ——==— both become equal to 
WX 
unity. Then J, =J,and#, =£,+1,2 which is the 
familiar expression for the simple circuit. 

A simple voltage vector diagram may be drawn, 
very convenient for the purpose in hand, directly from 
equation (1) — or (la). This diagram has already 
been published several times and in some cases eX- 
panded in an elaborate manner.° 

For convenience in graphical construction and 
algebraic analysis the line constants may be written in 
form 


A=A1 +7 A. 
B =B,+jB, 
G =C,+7C, 


4 See Chap. 15 ‘“Transmission Line Formulas,’ H.B. Dwight. 
D. Van Nostrand & Co., ete., for the derivation of these 
expressions. 

5. For the development of these expressions to include un- 
symmetrical lines and combined lines and transformers, see 
companion paper “Power Limitation of Transmission Systems,” 
R. D. Evans and H. K. Sels. 

6. A Graphic Method for the Exact Solutions of Transmission 
Lines,” Holladay, JouRNAL A. I. EB. #., Nov. 1922;_ also 
“Caleuls, diagrammes et régulations des lignes de transport 
dénergie 4 longue distance.’ Thielemans, Revue Générale 
d’Electricité, September 25, 1920 and following: ete. 
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while as a scalar quantity— 
B= V/. BY? is B 2” 
Similarly J, and J, may be resolved into their power 
and wattless components 


Le ad +7 ive 
Jip = Ize = 


In» and I,, being in phase with H, and E, respectively. 

The general construction of the voltage diagram 
using E, as a datum of reference is shown in Fig. 1. 

From the geometrical construction it is evident that 
with EH, assumed constant and considering only the 
power component of current, (I,. = 0), the locus. of 
E, must lie on the line 7S, while for any given power 
component of current, varying the wattless component 
will merely move the locus of EH, along a line perpendic- 
ular to T S,—the line GH, for instance. With these 
relations in mind it may be seen that the lines 7’ S and 
T K may be utilized as the axes of the two components 
of current, or if preferred, of kilowatts and reactive 
kv-a. The former is utilized mainly in the following 
discussion. 

Considering further the geometrical relations of Fig. 
1 it is obvious that EZ,’ is the minimum value of voltage 
at the sending end which will sustain a load at the 
receiving end corresponding to the point S, and con- 
versely that with the voltage EH,’ this load represents 
the maximum value, or remembering that the voltages 
are taken as constant this will represent the conventional 
limit of stable operation of the transmission line. 
E,’ is parallel with T S so that this point will occur when 
the phase angle between the voltages at the two ends 
of the line is equal to tan-! B,/B, which is the equiva- 
lent of tan x/r of either the simple circuit or of the 
synchronous machine. This angle as mentioned be- 
fore is purely a line constant. 

From Fig. 1 can be obtained E,, E,, I,, the power 
factor at the receiving end, and the voltage phase angle 
6. With a slight complication J, and its phase angle 
with EH, may be included as well. Thus, from equation 
(3a) 
Blp=A baal, (5) 


In Fig. 2 OL = (A, +7 A:2) E,and LV = (Bi +7 
B.) I, By using the same reasoning as for Fig. 1, 
I. 18s found to be along the axis L W and I,, at right 
angles to it. The current values can be measured on 
the same scale as J,,, and I,,. If kw. and reactive kv-a. 
are desired, the scale will differ from the corresponding 
one at the receiver end by the ratio H’,/H,. The value 
of power-factor at the two ends of the line may be 
taken as cosd, and cos ¢, respectively. The line 
efficiency may be obtained from the quantities given 
by a short numerical calculation. 

Although usually more convenient, it is not necessary 
to resort to graphical methods to determine certain 
conditions of operation. Certain expressions which are 
particularly convenient as occasional checks on graph- 
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ical results are given below. Their derivation will be 
found in the Appendix. 
For the conventional point of pull-out, 6 = tan-! x/r 
I» (pull-out) = #,/B — M E, (6) 
P, (pull-out) = E, (H./B — M E,) (7) 
where P, is power at the receiving end in watts per 
phase assuming FH, to be the voltage to neutral. 


Ai By 4 As Bs 
. B? 


These quantities are all scalar. With the same con- 
ventional assumptions of perfectly constant terminal 
voltages it is possible to derive additional relations. 
In the case of a direct-current circuit it will be remem- 
bered that the power flow into any part of the circuit 
is a maximum when the voltage across this part is 
equal to one-half the total voltage or E, = H,/2. 
For a transmission line the equivalent condition is 
found to be represented by the expression 


(a line constant) (8) 


_ Ff, 
for which condition 
EB. 
I, (maximum pull-out) = OB (10) 
BN 
P,. (maximum pull-out) = (5 y 1/M (11) 


In investigating the significance of these equations it 
will be found that the limit of output is a maximum in 
the case of a normal 60-cycle line when the receiver 
voltage is considerably higher than the sending, al- 
though it is true that on account of the large condenser 


' capacities required for such voltage relations this will 


not represent an economical condition of operation. 
For lines of 25 cycles and less it will probably be found 
that the maximum output of the line will be obtained 
when F, is raised appreciably higher than E,. In the 
case of the higher frequency lines more accruate as- 
sumptions as regard voltage regulation will naturally 
tend to change these relations somewhat, particularly 
when the condenser is such a large factor in the result. 
When lines are operated so that FE, is greater than the 


ey. E, 
critical value IMB it is found, as expressed in some 


of the following diagrams, that the actual and conven- 
tional limits of stability coincide; that is, the line 
actually pulls out with the angular displacement equal 
to tan B,/B, 

The reactive component of current at the receiver 
end, J,, may also be expressed in mathematical form. 

I,, = E,K + V(E,/B)? — (P,/E, + E, M)? (12) 

K being an additional line constant of the value 
A, B,— A,B, 
ee (13) 


K= 
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The quadratic equation (12) will have two real solu- 
tions, a singular solution, and imaginary solutions. 
These may be interpreted from Fig. 1 as follows,—the 
smaller real solution (that of minus sign) will represent 
the condition of stable operation, (@ < tan-' B,/B,), 
and the greater solution (that with plus sign) will 
represent the unstable zone where @ > tan B;/B,. 
The singular solution corresponds to the point of pull- 
out, 6 = tan B,/B,. The imaginary solutions are for 
conditions where the conventional pull-out load is 
exceeded. For the singular solution equation (12) 
may be expressed. 

I, = KE, (14) 

which shows that the value of reactive current at the 

conventional point of pull-out is a direct function of the 

receiver voltage and independent of the other conditions 
of operation. 

Equations (12) and (14) represent only the reactive 
current in the line itself; to obtain the total condenser 
current there must be added to J,, the magnetizing 
current required by the load as estimated at this same 
point. A synchronous condenser must be chosen on 
the basis of the algebraic sum of the two. 


THE SYSTEM DIAGRAM 


The preceding diagram may be properly applied only 
to the transmission line. To define the limiting con- 
ditions of operation of a transmission system the charac- 
teristics of the line must be combined with those of the 
rest of the circuit. In this respect, the line transformers 
represent no particular difficulty, their concentrated 


Fig. 1—Votrage Vecror DraGRaM OF A TRANSMISSION LINE 


impedances may be included with that of the line and a 
set of line constants derived by the method already 
referred to. The diagram of Fig. 1 will then represent 
the line with transformers. Due to the fact that many 
of the assumptions made in transmission line calcula- 
tions must necessarily be rather broad approximations 
it may not be entirely necessary to take into account 
the magnetizing current of the transformers. If the 
necessary data for this is available, however, it should 
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be combined with the characteristics of the adjacent 
synchronous condenser. The magnetizing current and 
the condenser currents result from shunt admittances 
at the same point of the circuit so that the above sug- 
gestion is technically correct. The magnetizing current 
decreases at a considerably faster rate than the trans- 
former voltage so that it will add very slightly to the 
stabilizing effect of the condenser station. In the case 
of the transformers at the sending end the main effect 
of the magnetizing current is a very slight increase in the 


Fig. 2—Diacram IncLUDING CURRENT RELATIONS AT SEND- 
ING END 


field current of the generators and may be otherwise 
neglected. 

In the following discussion the effect of the inherent 
voltage regulation of the main generators has been 
neglected. This is justified on the grounds that the 
error is slight while the labor involved would increase 
greatly. Two methods, almost equally laborious may 
be used in taking this factor into account; one is the 
ordinary method for the compound line, while the other 
is an extension of the method used for transformers. 
The synchronous impedance of the generator may be 
added to that of the transformer at the sending end and 
a diagram used for the line transformers and generator. 
The “sending voltage,” 7. e., the internal voltage of the 
generator, becomes a variable and a separate diagram 
must be worked out for each value of excitation while 
in addition these diagrams must be correlated with the 
conditions at the actual sending terminal of the line. 
Both of the above methods become somewhat 
complicated. 

The effect of the load on the limits of a transmission 
line is important and its characteristics should be ap- 
proximated with a fair degree of accuracy. For this 
purpose two general classes of loads may be considered; 
first where the power required is independent of voltage, 
and second, where the power required decreases with 
voltage. The rotating machine where the output is 
determined by frequency is typical of the first class, 
while a lighting or heating load where the power varies 
with the square of the voltage is typical of the second. 
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The actual load of a system is a combination of a large 
number of units of both of these classes, with possibly 
other classes less clearly defined in addition. The 
rotating load is usually of preponderant value although 


the component of lighting load will produce some ten- 


dency for a decrease with voltage which may be esti- 
mated when the relative proportions have been 
determined. 

Due to the importance of the constant power type of 
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load its characteristics may be studied in some detail. 
It may be noted then, in Fig. 1, that if the power com- 
ponent of current I, be varied inversely with H, the 
locus of the point S, (OS =AH,+BTI,.), will be a 
hyperbola with the lines O T and OG as asympotes. 
The hyperbolas for various values of P, are shown in 
Fig. 8, the various vectors corresponding with those 
of Fig. 1. The reactive components of current are 
indicated by the intervals measured parallel to the line 
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N S and between the hyperbolas and the circular locus 
of E,. The zone of stable operation considered on the 
conventional basis is then represented by the triangle 
NOS, NS being designated as the “pull-out line.” 
One hyperbola may be drawn which will just become 
tangent to the pull-out line; this represents the con- 
dition of maximum output expressed by equation (11). 
It may be observed that in consequence of the locus E, 
becoming tangent to the line N S the rate of change of 


Lge bo yr ela eich — 
reactive current, 5 BE is infinite for the condition of 


pull-out. 

Although the conditions of stability may be readily 
visualized from Fig. 3, it will be found much more 
convenient for actual calculations to replot the data 
asin Fig. 34. These curves show the relation between 
power, voltage, and reactive current at the receiving 
end. The characteristic curves are slightly similar in 
form to the V-curves of a synchronous motor although 
plotted on a somewhat different basis. The curves 
represent the requirements of reactive current for the 
different conditions of operation, so if the regulation 
curves of the synchronous condenser, representing the 
reactive current capable of being furnished under various 
conditions of voltage and excitation, be plotted with 
reference to the same axes, the intersections of the two 
sets of curves gives resultant points of operation of the 
combination. An additional assumption is made that 
the load is of unity power-factor. 

Assuming the condenser to be operating with constant 
excitation the limit of output occurs where the two sets 
of curves would become mutually tangent. Thus, it is 
noted that the P r = 30 curve becomes tangent to one 
of the condenser regulation curves at 90 kilovolts. 
According to the theory already advanced, if the con- 
denser were furnished with a vibrating regulator set to 
maintain 90 kilovolts on the line the limit of output 
would be identical with the above, even assuming the 
load to be free from fluctuations. The conventional 
limit, where the various P, curves cross the pull-out 
line would indicate this load to be stable until the volt- 
age decreased to 86 kilovolts. These curves show 
definitely how the actual limitations of a line depend 
upon the condenser characteristics, and furthermore 
that the static condenser does not have the proper 
inherent characteristics for transmission line regulation. 
These relations may be better appreciated by referring 
to Fig. 4 which is derived from Fig. 8A. Here a com- 
parison is presented between the conventional limit, the 
limit with a condenser of finite characteristics, and the 
limit with a static condenser for line regulation. It 
will be noted that the various limits converge to the 


critical point where LH, = 2M B (9). At this point 


and above, pull-out must occur where 6 = tan B,/B, 
so that it may be deduced that in the case of low-fre- 
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quency lines where the normal voltage relations will 
approach those of equation (9) the conventional line 
diagram will give reasonably accurate results for steady 
loads, although such will not be the case for lines of 
higher frequency as.is shown in the later examples. 
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bination its curves would have to be added to each one 
of the load characteristic curves. This will be taken 
up more in detail in connection with the study of com- 
pound lines. Incidentally, the close similarity between 
the characteristics of the synchronous motor and those 
of the transmission line may be noted in Fig. 5. 

To pass now from the constant power type of load, 
Fig. 6 has been drawn to represent a load of constant 
current, a state somewhere between a motor load and a 
lighting load. Fig. 64 shows that the actual limit of 
output will always coincide with the conventional value 


KILOWATTS AT RECEIVER END-P, 
Fig. 4—Comparative Limits oF OuTPuT 


In combining the line and condenser characteristics 
in Fig. 8A the reactive component of the load has been 
neglected; Fig. 5, however, shows the combination of 
the line characteristics with those of a synchronous 
motor at constant excitation. The intersections of 
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corresponding curves giving the points of operation, the 
limiting condition being as before the point of mutual 
tangency of the two sets of curves. To indicate the 
effect of a synchronous condenser on the above com- 
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just as in the case of the constant power load when E, 


is greater than 2M B The above condition, it should 


be noted, will not hold necessarily in the case 
of a compound line for the inherent character- 
istics of the load are masked to some extent by the effect 
of the condenser at the receiving end. In general, 
such a load is very favorable from the standpoint of 


stability. 
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The regulation curves of the synchronous condenser 
depend upon the rated capacity of the machine and 
upon the various design features involved. The curves 
may be obtained in the ordinary way from the load 
saturation curves at zero power factor’ with the excep- 
tion that the condensers will always be connected to 
the transmission lines through transformers, the im- 
pedance of which will modify their characteristics as 
considered with respect to the line. This effect is 
equivalent to an increase in the armature reactance of 
the condenser, so that corrected load saturation curves 
may be drawn by increasing the reactance component 
of voltage drop bythe reactance drop in the transformer. 
This method was employed in obtaining the data for 
Fig. 7. When the relation between magnetizing cur- 
rent and voltage is known for the transformer this cur- 
rent can be subtracted from the corrected condenser 
current at corresponding voltages, the result being a 
complete regulation curve for the condenser and trans- 
former. 

It may be remarked that the increased impedance 
due to the transformer has a material effect on the regu- 
lating action of the condenser and that it should be 
reduced as low as is practicable. The operating ex- 
perience obtained with such transformers of high 
impedance fully verifies this conclusion. 

In connection with the operation of automatic volt- 
age regulation one further limitation may be mentioned. 
The operation of the regulator is only possible up to the 
point where the full exciting voltage is impressed across 
the condenser field winding, at which point the regulator 
contacts become blocked in the closed position. If 
the requirements from the condenser are still increased 
the machine operates with constant maximum excita- 
tion, the voltage dropping as the load increases. On 
account of economic considerations involved in the 
application of condensers this point of maximum current 
will usually be reached considerably before the limit 
of output. Therefore pull-out should occur with 
constant excitation on the condenser. 


COMPOUND TRANSMISSION LINES 


The compound transmission line can probably be 
studied best by means of an actual example where the 
quantitative factors are directly involved. Consider 
then a 3800-mile transmission line with a condenser 
station at the mid-point. Actually the condenser 
would be somewhat more beneficial if placed slightly 
closer to the sending end. 

The following are the data on the assumed line: 
Complete line 
Length of line, 300 miles. 

Conductors, 500,000 cir. mil aluminum cable. 

Spacing—15 ft. effective spacing 18.9 ft. 

Voltage between conductors 150,000 volts (86,600 volts 
to neutral). 


7. See Section 4394 of A. I. E. BE. Standards," 922, ete. 
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Derived constants for 300 mile line. 


A = 0.807 +7 0.043 A, = 0.807 
B = 48.7 +9 229 A, = 0.043 > 
C = (— 0.0228 + 71.52) 10 -B, = 48.7 
K b= 3.:33:X103 B, = 229 
M =0:9loex Os B = 234 


Derived costants for each 150 mile section. 


A = 0.9507 +7 0112 A, = 0.9507 
B = 27+ 120.6 A, = 0.0112 
C = (— 0.0086 + 70.80) 10% B, = 27 

K = 7.51 x 10° B, = 120.6 
M =1.78 x 10° B = 123.5 


For the purposes of the present discussion the impedance 
of the line transformers has been neglected, mainly so 
that the two line sections may be considered to be identi- 
cal. When this factor is included the above constants 
will merely suffer some modification. For accurate 
line calculation it should be included. 

The characteristics of a 25,000-kv-a. synchronous 
condenser combined with a transformer of 8 per cent 
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reactances is shown in Fig. 7. The effect of the magnet- 
izing current of the transformers has been neglected, 
although if desired this can be taken into account by 
the method already referred to. Although condensers 
of various ratings are introduced into the discussion 
the regulation characteristics of all are assumed to vary 
with these curves proportional to the rating assumed 
for the condenser. 

For the first set of data discussed the voltages at 
both the sending and receiving ends of the line have been 
assumed constant. For the receiver voltage this means 
that it is unnecessary to make any assumptions re- 
garding the change of load with voltage. The limit of 
output may then be obtained from equation (7), or 

P, = 86,600 (86,600/234 — 0.918 x 86.6) 

= 25,200 kw. per phase or 75,600 kw. total. 
This is the conventional limit of the 300-mile line with- 
out intervening condensers, When a condenser of 
finite capacity is placed at the middle point of the line, 
a type of diagram similar to Fig. 5 must be employed. 


(15) 


REACTIVE CURRENT- AMPERES AT A 
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Assuming various values of voltage at the middle con- 
denser A, from a diagram similar to Fig. 1 there may be 
worked out for each value of load at the receiver end 
the power and reactive current at A. Also with 4 
diagram such as Fig. 3 the conditions of voltage, power 
and reactance current may be worked out for the sending 
section of the line. Due to the discrepancy between 
the power at the point A and the point B these two sets 
of data may, for conveneince be plotted up together in 
the form of Fig. 8. Here the full line and dot-dash 
curves represent the receiver section of the line and the 
dotted curves represent the sending section. With g 
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load at the receiver end corresponding to om the line 
loss in the receiver section will be np. The reactive 
current furnished to the station A will be r p while that 
required for the sending section will be — rq, the net 
result being that there is an excess of magnetizing 
current at A of the amount p q. These data may then 
be plotted as shown in Fig. 9, the full lines representing 
the characteristics at the point A for the whole line. 
The intersections of these curves with the condenser 
regulation curves give the points of operation of the 
combination of line and condensers. By employing 
different condenser curves the effect of the choice of 
condenser is readily apparent. Fig. 10 gives the volt- 
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age regulation curves at the station A assuming con- 
densers of various sizes to be employed. The point 
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at which the voltage regulators become blocked is shown 
as well as the load and voltage at which pull-out occurs. 
In connection with Fig. 10 it may be interesting to 
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note that although the 175,000-kv-a. condenser ° is 
sufficiently great in capacity to allow the regulator to 
operate completely up to the pull-out line at 86,600 
volts, the inherent characteristics of the machine result 
in the limit of stability occurring at 110,000 kw. in- 
stead of the conventional 117,000 kw. Fig. 10 is of the 
same type as Fig. 4. 

Fig. 11 has been plotted to show the relationship 
existing between the limit of output of a compound line 
and the size of the condenser used. It will be noted 
that to transmit the maximum amount of power over a 
line must become very uneconomical even if examined 
no farther than from the standpoint of the capital cost 
of synchronous condensers. 

A final and rather elaborate study was made of this 
compound transmission line on the assumption that the 
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as in the case of constant power, which would tend to 
increase the stability. The assumption of the power 
factor being independent of load is probably not greatly 
in error. In a highly diversified load, where both 
synchronous and. induction motors may be operated at 
various fractions of their ratings their effect on power 
factor with a change in voltage may be largely equalized. 
Where closer approximations of the load may be made 
the hyperbolic loci may be modified to correspond, an 
instance of which is given in Fig. 6. 

The results of Fig. 12 have been included in Fig. 11 
so that the error made in assuming a constant voltage 
at the receiving end is indicated as the difference be- 
tween the two curves. With a 25,000-kv-a. condenser 
at the station A in each case the limit of output is 
reduced from 86,000 kw. to 75,000 kw. 
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condenser at the point B was finite in its characteristics. 
Two condensers, (a total of 50,000 kv-a.), each with 
characteristics represented by Fig. 7 were placed at 
this point while the load was assumed to be independent 
of voltage and at a constant power-factor of 90 per cent. 
The amount of labor resulting from this change was 
several times greater than before, the line being equiva- 
lent of a compound line of three sections. It is be- 
lieved, however, that it may be possible to reduce this 
labor very considerably by using kinematic devices to 
represent the line characteristics. Fig. 12 is the dia- 
gram, resulting from this study, it is of the same general 
character as Fig. 9 although the limits are still further 
reduced. The above assumptions made concerning the 
load characteristics are only roughly approximate. If, 
for instance, the load is made up of 70 per cent rotating 
load and 30 per cent lighting load the increase of current 
with the decrease of voltage will be roughly half as great 


SUMMARY 

In the foregoing pages a method for determining some 
of the limitations of transmission systems has been 
developed in accordance with the conception of opera- 
tion outlined, representing as nearly as practicable, it 
is believed, the actual conditions under which-such a 
system will operate. In using this method it is essen- 
tial that the characteristics of the apparatus connected 
to the transmission line, such as synchronous condensers 
and transformers, shall be accurately known as well as 
those of the line itself, and that reasonable approxima- 
tions should be made regarding the characteristics of 
the load even when it is diversified. While this may 
often involve tedious complications the greatly in- 
creased accuracy of transmission line computations will 
much more than justify its use, if not making it almost 
a necessity in the case of compound lines. 

The comparison of the various types of calculations 
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given in Fig. 11 shows the importance of the more com- 
plete methods for these lines and how the maximum 
rating of a line may be increased by adding to the con- 


_ denser capacity at the various stations. Beyond some 


point, however, the condenser capacity must increase 
rapidly for an increase of load. Such curves will fur- 
nish new data for the economic study of transmission 
systems. 


A conclusion, has been drawn that static condensers 
are not inherently suitable for line regulation even 
though their cost might compare favorably with that 
of the synchronous machine. The vibrating regulator 
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in connection with the field circuit has been indicated 
is too sluggish to introduce a state of artificial stability 
extending beyond that produced by constant excitation 
even on steady loads. 


The effects of fluctuating loads and load surges have 
not been considered. A load change of the type of a 
short circuit may be studied on the assumption that the 
field current of the condensers does not change during 
the period of load adjustment, but for fluctuating loads 
it will be practically impossible to determine the rate 
of increase of excitation with respect to the rate of 
increase of load. 
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DIRECTIVE RADIO FOR NAVIGATION 

_The Bureau of Standards in cooperation with the 
Signal Corps and the Air Service of the Army is devel- 
oping an improved type of radio beacon, which it is 
believed will do much to increase the safety of naviga- 
tion both on the water and in the air. 

Briefly the device consists of an ordinary form of 

radio transmitting set located at a light house or other 
suitable point and connected to a pair of coil antennas. 
Each antenna consists of a single turn of wire in the form 
of a vertical rectangle about 100 ft. long by 50 ft. wide. 
These two rectangular antennas cross each other at 
an angle of 185 degrees. Signals are transmitted 
alternately from each of these coils and since this type 
of antenna transmits a maximum signal in one direction 
and practically no signal at right angles, a receiving set 
located along the line bisecting the angles formed by 
the two crossed coil antennas will receive signals of 
equal intensity from each of the coils. 
A ship or airplane provided with an ordinary receiv- 
ing set may thus be guided along this bisecting line 
toward or away from the radio beacon. Should the 
vessel deviate either way from this course, the two 
alternate signals will become noticeably unequal in 
intensity. The proper course may thus be followed 
regardless of visibility conditions and without depend- 
ence on land marks or the magnetic compass. 


APPROVED ELECTRICAL MINE 
EQUIPMENT 

The classes of electrical equipment that have been 
approved by the Department of the Interior, through 
the Bureau of Mines, for use in mines, are steadily 
growing and the number of each type are as follows: 
Electric cap lamps, 5; electric hand lamp, 1; a-c. and 
d-c.: shortwall coal-cutting machines, 20; portable 
electric drills, 4; single-shot firing devices, 2; storage- 
battery locomotives, 5. These are all described in 
Technical Paper 333. 

There is a field for other lines of safe equipment for 
various services such as pumps, room hoists, arcwall 
coal-cutting machines, air compressors, coal-loading 
machines and storage-battery operated coal-cutting 


‘outfits. Also, there is a need of approved mine tele- 


phones and approved switches or junction boxes for 
use at the end of trailing cables. The Bureau of Mines 
has schedules covering these various services, and is 
prepared to investigate the permissible features of any 
of the foregoing apparatus as soon as it shall have been 
designed and submitted for inspection, test and 
approval. The Bureau has no mandatory powers and 
cannot force any manufacturer to either design or 
submit safe equipment. The ruling that safe equip- 
ment must be used in certain mines can only be issued 
by the proper State official, except in leased coal mines 
where the Government, as a lessor, becomes the owner 
and has reserved certain rights with respect to safety. 
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Review of the Subject.—Radio broadcasting has drawn 
attention to the problems involved in obtaining high quality in 
systems for the electrical transmission and reproduction of sound. 
This paper gives the general requirements for such systems, discusses 
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and 


briefly the factors to be considered in design and operation and 
indicates to what extent the desired results can be obtained with the 


means now available. 
* * * * * 


normally used in commercial service, is the 

electrical transmission and reproduction of speech 
sounds. In considering the operation of such a 
system, the reproduced sounds are referred toas having 
two properties, intelligibility and naturalness. While 
these two properties are not by any means unrelated and 
are both of importance in all sound reproducing systems, 
the first is naturally the more important in a commercial 
communication system. In broadcasting and public 
address systems, the communication function is supple- 
mented by the function of entertainment and the property 
of naturalness, therefore, increases in importance in the 
reproduced speech. Furthermore, the use of music 
with such systems imposes, in general, more severe 
requirements upon them because of the wide range 
of frequencies and intensities required for proper 
appreciation. 

In this paper the fundamental requirements for a 
system for faithfully transmitting and reproducing 
sound are outlined, and their applications considered, 
particularly in connection with broadcasting and the 
use of loud speakers. 

In any system for the electrical transmission and 
reproduction of sound there are three essential elements: 
A means for converting sound into electrical energy, 


r \HE primary function of telephone circuits, as 


usually called the telephone transmitter or microphone; 


a means for converting electrical energy into sound, 
usually called the telephone receiver; and means for 
transmitting the electrical energy from the transmitter 
to the receiver. 

In the operation of such a system, there are three 
general requirements which it is desirable that the 
reproduced sounds should meet: First, that they be 
at about the same loudness as people are accustomed to 
hearing the original sounds; second, that they be 
free from appreciable distortion, that is, that the 
character of the reproduced sounds be so close to that 
of the original sounds that the ear cannot distinguish 
between them; and third, that they be free from 
extraneous sounds. The degree to which these require- 
ments of loudness, freedom from distortion and noise are 
met is the measure of the quality of the system. 
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The discussion in this paper will be directed primarily 
to the second of the above requirements, that is, the 
matter of obtaining accurate transmission and re- 
production of the original sounds, and the requirements 
of loudness and noise will be considered only in so far as 
they have a bearing on the principal discussion. In 
this connection, it may be noted, that with the develop- 
ment of practically distortionless amplifiers, it is 
possible to compensate for the losses in volume incurred 
in transmission and in the conversions between sound 
and electrical energy, and thus obtain any degree of 
loudness desired. The problems of eliminating noise, 
however, are in many cases difficult, but are too 
extensive to be within the scope of this paper. 


_ DISTORTION 


The sounds which comprise speech and music 
involve, as is well known, complicated pressure vari- 
ations. For any small interval, of time, these pressure 
variations may be resolved into a series of component 
sinusoidal waves. As the speech or music proceeds, 
however, the amplitude, the frequency and the phase 
of these components change. The transmission and 
reproduction of such sounds may be conveniently 
considered as a matter of transmitting and reproducing 
the several component waves. 


For a system to be ideal from a quality standpoint, 
these components must be reproduced unchanged, and 
no new components introduced. Experience has shown 
that changes in phase such as are usually obtained, 
produce no effects which are noticeable by the ear. 
Also, as discussed later, all the amplitudes may be 
diminished or increased uniformly through an ap-- 
preciable range before the quality is affected. 

The requirements then for no noticeable distortion 
in a sound-reproducing system may be stated as follows: 

1. The reproduced sounds shall have the relative 
intensities of the component frequencies the same as 
the original sound. 

2. The reproduced sounds shall not contain any 
components of frequencies not present in the original 
sound. / 

Failure to meet the requirement set up in (1) is 
referred to as “frequency distortion.” This results 
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when a system has different transmission efficiencies 
for the different frequencies. 

Failure to meet the requirement set up in (2) is 
referred to as “non-linear distortion.”’ This results 


- when the relation between the output and input powers 


is not independent of the magnitude of the input power. 
Distortion of this type may be obtained from the iron 
cores of transformers or other coils, from vacuum tubes, 
from carbon transmitters and from diaphragms or other 
vibrating mechanical parts. All of these have a load 
characteristic which generally has a practically linear 
relation between output and input when operated below 
certain energy limits, but which shows a non-linear 
relation between output and input when the input 
power exceeds these limits. Operation over the non- 
linear part of such a characteristic results, in addition to 
changing the intensity relations of the components of 
the original sounds, in the setting up of components of 
frequencies which may be different from those of the 
components in the impressed wave. 


Another important factor in the reproduction of 
sounds which is not generally appreciated is that 
apparent distortion is obtained if the loudness of the 
reproduced sounds is materially outside of the range 
in which the listeners are, accustomed to hearing the 
original sounds. Recent work! in hearing has shown 
that the transmission mechanism of the ear is non-linear 
in its response even at loudness levels commonly used 
in speech and music. From this it is seen that the 
interpretation of complex sounds by the ear is partly 
accomplished by the “subjective” frequencies intro- 
duced by the ear itself. Due to this non-linear charac- 
teristic of the ear, when the intensities of repro- 


duced sounds are materially different from those 
of the original sounds, there is an apparent 
distortion. 


With these requirements in mind, consideration will 
now be given to the extent to which they can be met 
with the means and methods now available. In this 
connection, three electrical transmitting and _ re- 
producing systems will be discussed, a high quality 
telephone circuit, the public address system and the 
broadcasting system. The first two and the elements 
used in them have been previously described in some 
detail. A brief description of them will be given here, 
however, to show their similarity with the third, which 
will be discussed more comprehensively, and also to 
indicate to some extent the evolution of high quality 
reproducing means. It will be noted that the successful 
design, maintenance and operation of any high quality 
system depends upon the development of methods of 
measuring its operational characteristics, such as the 
relation between input and output energies over a 
range of frequencies and intensities. 


1. Physical Measurements of Audition and Their Bearing on 
the Theory of Hearing, H. Fletcher, Jour. Franklin Ints., 
September, 1923. 
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HIGH QUALITY TELEPHONE REFERENCE SYSTEM 


A number of years ago a telephone circuit was set up 
in the Bell System Laboratories in which use was made 
of the various available means to’eliminate distortion as 
much as possible. This was used as a reference circuit 
in a comprehensive investigation of the effects on the 
intelligibility of reproduced speech sounds, of variations 
in the volume of the reproduced sounds, of various 
types and amounts of distortion and of various amounts 
and kinds of extraneous noise.2. This system and the 
variation of its efficiency with frequency are shown in 
Figs. 1 and 2.° It has also negligible noise and non- 
linear distortion for the sound powers that it is designed 
to handle, that is, those corresponding to talking in the 
normal way over a telephone circuit. 

With this system, the fundamental vowel and con- 
sonant sounds used in speech are reproduced so well 
that when a series of such sounds are impressed upon 
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the system 99 per cent, are correctly understood. This 
recognition is for the condition when these sounds are 
combined into meaningless monosyllables, which makes 
the test much more severe than for these sounds as 
ordinarily used in conversation where the context aids 
in the recognition. The degree of recognition obtained 
with this system is within a few tenths per cent, as good 
as that obtained by direct hearing. This circuit, 
therefore, from the standpoint of intelligibility of speech 
is practically perfect. 

This high quality circuit made use of several im- 
portant developments. First is the condenser trans- 
mitter which gives a practically distortionless con- 
version from sound to electrical energy. This trans- 
mitter, which has been previously described,’ uses a 
thin metal diaphragm, tightly stretched and placed 
close to'a heavy metal plate. The diaphragm and the 


- heavy plate form an electric condenser and the air film 


2. The Nature of Speech and its Interpretation, H. Fletcher, 
Journ. Franklin Inst., June, 1922. 

2 The ‘transmission units” used in Fig. 2 and elsewhere in this 
paper are a logarithmic function of power ratio. The number 
of transmission units, N, corresponding to the ratio of two 
amounts of power P; and Pz ,is given by the relation N = 10 
logio Pi/P2 The power ratio corresponding to N units 
is therefore 10 V“)- 

4. Wente, Phys. Rev., June 1917 and May 1922. Crandall, 
Phys. Rev., June 1918. 
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between the two serves to damp the vibration of the 
diaphragm. 

Second is the design of vacuum tube amplifiers which 
are distortionless over a wide range of frequencies and 
loads. The design of such amplifiers will be discussed 
- in a future paper, so will not be described here, other 
than to show later some amplifier frequency character- 
istics which have been obtained. 

Third is a telephone receiver having small distortion. 
For this a permanent magnet type of receiver was 
used in which the principle of damping the diaphragm 
by an air film was employed in a manner similar tothat 
described above for the condenser transmitter. 
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Fourth is the use of a network of impedances designed 
to introduce into the circuit the distortion which 
compensated for any distortion in the system which it 
was not practicable to eliminate in the several parts. 
In this circuit this compensation was needed primarily 
to take care of residual distortion in the receiver. 


PUBLIC ADDRESS SYSTEM 


The public address system and its applications were 
described in two papers presented before this Institute 
in February, 1923,° and as already noted will be referred 
to only briefly here. In the public address system 
which was used at the presidential inauguration in 
March 1921, the condenser transmitter and high 
quality amplifiers were used to obtain good quality. 
In November, 1921, this public address system was 
used with the toll lines to transmit the Armistice Day 
Service at Arlington, Va. to New York and to San Fran- 
cisco. At this time use was made of a new design of 
high quality transmitter, the double carbon button 
transmitter employing the stretched damped diaphragm 
of the condenser type. At this time also corrective 
distortion networks were employed to compensate for 
the distortion of the non-loaded cable circuits which 
were used to connect to the toll lines. The “volume 
indicator’ for showing the power carried by the 
amplifiers was also used on this occasion in order to 
keep them from being overloaded and causing non- 
linear distortion. This volume indicator, as described 
in the papers referred to, consists of a vacuum tube 
amplifier-rectifier operating a quick acting ammeter. 
In both these loud speaker applications, extensive use 
was made of single-frequency measuring apparatus for 

5. Public Address Systems, Green and Maxfield, JourNat of 
A. 1. BE. E., April, 1923. 

Use of Public Address Systems with Telephone Lines, 
Martin and Clark, Journat of A. 1. E. B., April, 1923. 
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determining the efficiency of the various parts of the 
system over a wide range of frequencies. 


BROADCASTING SYSTEM 


When radio broadcasting started its phenomenal 
development, this high quality apparatus and the 
associated testing methods found new applications. 
It will be noted that the public address and the broad- 
casting systems are very similar, the main difference 
being the use of radio in the latter as a convenient 
means of reaching a large number of receiving stations 
from one transmitting station. 

In Fig. 3 are indicated the essential elements of a 
radio broadcasting system. In this system, M is the 
microphone or means for converting from sound to 
electrical energy, A, is the amplifier used to increase 
the output of the microphone before transmitting it 
over the wire connection L,to the broadcasting 
station. The amplifier A, and the radio transmitter 
R T increase and transform the energy into that which 
is put upon the antenna. At each of the receiving 
stations, there are required, in general, a radio receiver 
RR for converting the received radio frequency 
currents into audio frequency currents, an amplifier, 
and a telephone receiver, either of the type held to the 
ear or of the loud speaker type. 

In regard to the wire line L, to the broadcasting 
station, it should be noted that while much of the 
material to be broadcast is at present specially produced 
in a studio closely associated with the broadcasting 
station, a large and probably increasing proportion of 
the broadcasting material is produced at points at some 
distance from the station. In this latter class come 
(1) material which is not given primarily for broad- 
casting, such as concerts and speeches for some local 
audience, (2) material given in a studio located at a 
point convenient to the artists or speakers, but remote 
from the broadcasting station and (3) announcements of 
the progress of athletic games or other sporting events 
which are made from the place where the games are 
held. 


Fie. 3—Scuematic DraGcramM or Rapto BROADCASTING 
SYSTEM 


BROADCASTING MATERIAL 


The material used for broadcasting consists in general 
of speech or music. Speech sounds are extremely 
complex in their nature and involve frequencies from 
about one hundred cycles to above six thousand. 
The first two charts in Fig. 4 show the sound spectra 
for the sung vowels ‘‘ah’” and “a”. When these and 
the other vowels are spoken they are modulated both 
in pitch and volume from this steady state, the par- 
ticular manner of starting or stopping them determin- 


— 


~ March 1924 


ing the so-called stop consonants®. The unvoiced 
fricative consonants, “‘s”, “f’’ and “th”, have their 
sound spectra in the upper frequency regions between 
4000 and 10,000. In general most of the energy is 
carried by the vowel sounds and at frequencies below 
1000 cycles, but the fine modulations of the vowels 
which produce the stop consonants and also the pro- 
duction of the fricative consonants involve frequencies 
mostly above 1000 cycles. For this reason it is well 
to bear in mind that the importance of any frequency 
region for carrying the energy in speech is quite different 
from that for carrying the intelligibility. On Fig. 5 
are shown two curves which contrast this difference.’ 

The curve for intelligibility does not directly take into 
account the naturalness of the sounds. It is found, 


for example, that while a system, which transmits only 
the frequency range from 500 to 2000 cycles, reproduces 


speech which can be easily understood, it leaves much 
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to be desired from the standpoint of naturalness. 
In broadcasting, a broader frequency range is desirable 
because of the importance of naturalness. Results can 
be obtained for speech which are good for intelligibility 
and fairly good for naturalness with a frequency range 
from about 100 to 3000 cycles, although appreciable 
improvement is obtained by the extension of the upper 
end of the range. | 
The various types of vocal and instrumental music, 
solo, choral and orchestral, have widely varying charac- 
teristics, with fundamental tones as low as 16 cycles 
and harmonics above 10,000 cycles. The breadth of 


6. The Nature of Speech and its Interpretation, H. Fletcher, 
Jour. Franklin Inst., June 1922. 

7. Curve for energy distribution given in Analysis of the Energy 
Distribution of Speech, Crandall and MacKenzie, Phys. Rev., 
Mix, No: 3-- Curve for Intelligibility derived from data given 
in paper mentioned in Note 6. 
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this range makes its proper handling in a reproducing 
system extremely difficult, particularly when the 
large energy of some of the low notes such as used in 
the pipe organ are taken into account. Fig. 4 gives 
also charts showing the sound spectra for some typical 
musical instruments when they are sounded at the 
pitches indicated. It is very difficult to obtain any 
quantitative measurements of the importance of the 
various frequency regions for properly transmitting 
music, but it has been found that with a frequency 
range of from about 50 to 5000 cycles good reproduction 
can be given for most kinds of music. In this con- 
nection it may be pointed out that the pitch of musical 
tones of very low pitch is carried to the ear mainly by 
the harmonics rather than by the fundamental.’ For 
example, with a system not reproducing any frequencies 
below 100 cycles, the pitch is preserved for notes even 
as low as 30 cycles. The musical quality is marred, 
however, when the lower frequencies are not present. 

Another important characteristic of speech and music 
is the intensity range. For speech the range of the 
average power is of the order of 1000 to 1. In music, 
such as that given by a symphony orchestra, the 
corresponding range may be as great as 100,000 to 1. 
These ranges have an important bearing on the load 
capacity required for the parts of the broadcasting 
system as will be brought out later. 


Pick-UP oF MATERIAL 


In picking up material for broadcasting, that is, 
in getting the sound energy into electrical energy, the 
general requirement would seem to be to get to the 
high quality microphone the sounds in the form in 
which a skilled listener would wish to hear them if he 
were free to choose his location with respect to the 
source of these sounds. In this respect, the skilled 
listener would be largely governed by hearing the sounds 
under the accustomed conditions with all undesirable 
noises, echoes and abnormal reverberations removed. 
In considering the pick-up of material for broadcasting 
it should be noted, however, that it corresponds to 
listening with one ear, that is, the binaural sense of 
direction which is normally obtained in hearing the 
sounds directly, is lacking. With binaural audition, 
it is possible to concentrate on one sound source and to 
disregard somewhat the effect of other sounds coming 
from diferent directions or distances. Because of the 
monaural character of broadcasting it is necessary, 
therefore, to go even further in reducing noises and 
reverberation at the transmitter than would be the 
case for an observer using two ears at the same location. 

In picking up sounds, undesirable effects which may 
be classed as distortion, may be obtained by having 
either too much or too little reverberation or, where the 
sounds come from several sources, such as in the case 
of a quartet or an orchestra, by not having the proper 


8. Physical Criteria for Determining the Pitch of a Musieal 
Tone, H. Fletcher, Physical Review, September 1923. 
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relation between the-intensities of the sounds which 
-reach the transmitter from the several sources. Since 
most speeches and musical selections are given indoors, 
a certain amount of reverberation is generally present. 
Because of this customary condition, music particularly, 
without reverberation, such as is obtained in a heavily 
padded room, sounds “dead.”’ Too much reverber- 
ation, on the other hand, causes one tone to drag over 
into a succeeding one and tends to blur the sounds. 
In some tests carried out by Prof. W. C. Sabine with 
rooms in which the reverberation was varied it was 
found that a group of musicians consistently selected a 
particular reverberation condition as being most 
desirable for the piano.° 

- Much of the material that is broadcast is given in a 
special studio where it is possible to control- the con- 
ditions. The studio can be placed in a quiet location, 
it can be treated with absorbing material to give the 
proper amount of reverberation and the speaker, 
singers, or musicians can be placed with respect to the 
microphone so as to obtain the desired balance between 
the direct sounds and the reverberation and also 
between the sounds from the several sources where 
more than one source is used. With the large number 
of variables involved, it is not as yet possible, however, 
to give general rules governing all of them. 

In regard to the matter of equipping such a room 

with sound absorbing material, it is seemingly a 
common mistake to cover as completely as possible the 
ceiling, walls and floor of a studio with such material. 
Such a room in addition to making the music sound 
“dead,”’ makes it. difficult and in some cases impossible 
for a singer or violinist to keep on the key because they 
are accustomed to get the pitch of one note from the 
reverberation of the preceding note. In one studio of 
about 20 by 30 feet, in which a large amount of ex- 
perimental work was done to get a suitable rever- 
beration for music, the final arrangement is a hardwood 
floor with a few rugs, the walls hung with monks cloth 
and about two-thirds of the ceiling covered with one 
inch hair felt. The reverberation can be increased 
when desired by taking up rugs or pulling back some of 
the wall hangings. In such a room for speaking, 
however, undesirable reverberation is obtained if the 
speaker is more than about four feet from the micro- 
phone. In connection with the statement regarding 
the effect of the monaural character of broadcasting on 
the requirement for the placing of the microphone, 
it is of interest. to note that the reverberation time for 
this studio, using Sabine’s method and coefficients, 
was somewhat less than that found to be desirable 
in his tests which were referred to. 

There is an increasing demand in broadcasting for 
the use of material which is not being given specifically 
for broadcasting, such as a speech by some well-known 
person or a concert by a symphony orchestra. In such 
cases it is not usually possible to change the acousties, 


9. Collected Papers on Acoustics, Harvard Univ. Press 
page 75. 
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so that the problem becomes one of getting the best 
location for the microphones. | 
For a speech, the problem is generally not difficult 
as the microphone can usually be located within about 
three feet of the speaker so as not to restrict unduly 
his usual movements. For a symphony orchestra of 
75 to 100 pieces the problem presents some difficulties. 
It is desirable to get the transmitter far enough away 
from the orchestra so that the paths from it to all the 
pieces of the orchestra are about equal, in order to get 
proper balance between the parts, and at the same time, 
not to be so far away from the orchestra that the 
incidental noises of the audience are loud compared to 
the music. Good results have been obtained under 
these conditions by suspending the transmitter from 
the ceiling of the concert hall over a point on the floor 
about thirty to fifty feet from the orchestra and about 
ten to twenty feet from the ceiling. This brings it 
over the audience, but far enough away so that noises 
from it are not bothersome and far enough away from 
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the orchestra to get a good balance between the parts. 
Also this permits*the sound striking the transmitter 
through reverberation to be sufficiently appreciable 
as compared to the direct sound. This reverberation 
gives the impression of the orchestra playing in a 
concert hall, which, of course, is the natural condition. 
The scheme of using several transmitters distributed 
throughout the orchestra, in order to pick up the 
different parts, is in general undesirable because of the 
lack of reverberation and the difficulty of getting proper 
balance between the parts. 


TRANSMITTERS 


Two transmitters or microphones of the air-damped, 
stretched-diaphragm type have been extensively used 
for broadcasting, the condenser type and the carbon 
button type 

The frequency response characteristics of present 
models of these two types of transmitters are shown 
in Fig. 6, that designated A being for the carbon and 
that designated B for the condenser type. Both of 
these have already been described elsewhere and will 
not need further consideration here. It should be 
noted that the condenser type can be designed to have a 
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frequency characteristic of almost any degree of flatness 
desired. Material improvements have been made 
One of these is the use 
of a light metal diaphragm by means of which the 
electrical output for a given sound input has been 
increased about ten times. A second important 
improvement in the carbon type has been a change in 
the acoustic spaces associated with diaphragm to 
reduce the distortion. The advantage of the earbon 
type of.transmitter is that it requires two stages of 
amplification less than the condenser type and ap- 
proaches it closely from the standpoint of freedom from 
distortion. Asa result of the small diaphragm motions 
used in this transmitter the carbon button is worked 
far below the saturation point. 


TRANSMISSION TO BROADCASTING STATION 


When material is picked up at a point remote from 
the broadcasting station, care must be used to avoid 
distortion in getting it to the station. When, as is 
usually the case, the point where the material is given 
and the broadcasting station are in the same city, it 
is generally possible to get non-loaded telephone cable 
circuits between the two points. By the use of cor- 
rective distortion networks or “attenuation equalizers” 
with such circuits, uniform transmission efficiency 
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Ourve A—Stretched diaphragm double carbon button transmitter 
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over the desired frequency range, can be obtained 
even though the circuits themselves may have consider- 
able distortion.” With these equalizers it is possible 
to equalize such circuits so that the variations of 
efficiency over the frequency range from the average 
value are less than one transmission unit. 

The high quality transmitters which are used to pick 
up the material to be broadcast have energy outputs 
which are so low as to require amplification before they 
are transmitted to the broadcasting station in order to 
over-ride extraneous noises which may be encountered. 
Such amplifiers, in addition to having uniform efficiency 
for:a broad frequency range, must also be capable of 
giving a large range of amplification and of handling 
without distortion a wide range of power in order to 
take account of the variations in the volume of sounds 
which are impressed upon the transmitter. In picking 
up speeches, for example, different amplifications may 
be required for the different loudness of the voices of 
the speakers. In making a speech, an orator often 
intentionally changes the loudness of his voice for 
emphasis. The amplification must be such as to permit 

10. Use of Public Address. System with Telephone Lines, 
Martin and Clark. Jour. A. I. E. E., April 1923, page 361. 
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low parts to be heard satisfactorily and also the ampli- 
fier must be capable of handling the loud parts without 
overloading. The amplification can be reduced for 
the loud parts to reduce the power handled, but the 
power output cannot be kept constant without spoiling 
entirely the emphasis effects desired by the speaker. 
In music, the volume of sound varies frequently and 
over a large range. 

Considering this matter from the standpoint of the 
operator of a radio receiving set, it is desired first, that 
when the volume of the original sound is at its low point 
the reproduced sound should be loud enough to over- 
ride static and other radio frequency interference, 
incidental noises in his set and room noise at his set. 
With this condition satisfactorily met, it is desired 
that the receiving set be capable of handling the maxi- 
mum volumes of sound without overloading. The 
sets now available are capable of handling in the order 
of about a hundredth of this range and to make them 
handle this larger range would at present be practically 
prohibitive from a cost standpoint. The same require- 
ment imposed upon the radio transmitter at the broad- 
casting station would also increase its cost by a large 
factor. The circuits used between the point where 
the material is picked up and the broadcasting stations 
also impose restrictions on this volume range. The 
lower limit to the power placed upon such circuits is 
set by the extraneous noise which may exist upon them 
due to induction from other circuits. The upper 
limit to the power on the circuit is determined by two 
factors, one, the capacity of the amplifiers which may 
be used and the other, the interference which this 
circuit would cause in other telephone circuits which 
are in the same cables with it. These circuit require- 
ments, in general, limit the power range which can be 
satisfactorily handled to a range of about 1000 to 1. 
From the standpoint of the circuits alone, this range 
could be increased by special measures which, however, 
it might not always be practicable to apply. 

These conditions, therefore, make it highly desirable 
to control the volume range given out by the amplifier 
associated with the transmitter. Some of this control 
could be exercised at other points in the system, but it 
is obviously desirable to have it all take place at one 
point and keep the rest of the system fixed. For this 
purpose the amplifier associated with the transmitter 
is equipped with a means for giving a quickly adjustable 
amplification. To make these adjustments correctly, 
it is necessary for the operator of the amplifier to know 
what power is being delivered by it. Use is made here 
of the “volume indicator,” which is bridged across the 
output of the transmitter amplifier and the ampli- 
fication of the volume indicator varied by means of a 
calibrated potentiometer until a standard deflection is 
obtained. The amplification required to get this 
deflection is then a measure of the output of the trans- 
mitter amplifier. This is supplemented by a monitor- 
ing loud-speaking receiver bridged across the circuit 
at the same point. By the aid of these, the operator 
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can check the operation of the transmitter and its 
associated amplifier and keep the volume of electrical 
power delivered to the’ broadcasting station between 
certain prescribed limits which are far enough apart to 
give suitable expression to the music or speech. When 
the sounds striking the transmitter become too loud, 
the gain of the transmitter amplifier is reduced and 
when these sounds become too low, the amplification 
is increased, these changes being made gradually in 
order to avoid noticeable abrupt shifts in volume. 
The limits between which the electrical power is kept, 
are those which have been found experimentally to 
avoid overloading any part of the broadcasting system 
and to keep above any extraneous noises in the system. 

This adjustment of the gain of the transmitter 
amplifier to keep the power delivered to the broad- 


casting set within certain prescribed limits is required. 


also when the pick-up of the broadcasting material is 
in a studio at the broadcasting station. 


BROADCASTING STATION 

In the radio broadcasting transmitter the incoming 
electrical power is generally amplified before being 
used to modulate the radio frequency carrier. In this 
transmitter, the frequency and volume range require- 
ments, discussed for amplifiers, also apply. The 
amplification obtained in this part of the system should 
generally be fixed and all necessary adjustments during 
operation made in the amplifier associated with the 
microphone. The following discussion of the broad- 
casting station is from the standpoint of operation, 
as the apparatus itself has been described in another 
paper.1! 

Operating Requirements. With a fixed setting of the 
radio transmitter, it is important to determine the 
maximum power which can be introduced into it 
without causing noticeable overloading. To do this, 
there are required a means-for indicating power such as 
a volume indicator, a high quality radio receiving set, 
a high quality loud speaker and high quality amplifier 
for operating it and some skilled observers. With the 
loud speaker, first determine for speech and several 
kinds of music, the maximum power which can be 
delivered by the microphone amplifier before over- 
loading is detected. Then with the amplifier connected 
to the radio transmitter and with the radio receiving 
set, high quality amplifier and loud speaker, determine 
what power input into the radio transmitter causes 
overloading. If this is less than has been previously 
determined as the overloading point of the microphone 
amplifier, the overloading is in the radio transmitter. 
The station should then be operated so that the power 
delivered to the radio transmitter never exceeds this 
amount. 

As a check on the operation of the station, a moni- 
toring system such as the following should be used 
constantly. In this system a loud speaker and as- 
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sociated amplifier are connected either directly to the 
output of the microphone amplifier or to the output 
of a high quality radio receiving set. In these two 
connections the reproduced speech or music should 
sound the same and neither should show any signs of 
overloading. 

This matter of guarding against overloading has 
been stressed so much because it is a common source 
of poor quality in broadcasting. Furthermore, IGis 
often a defeet in operation rather than in apparatus 
and as such, constant care is required to avoid it. 

Another important factor in good broadcasting is 
insuring that the system and all its parts maintain their 
good quality. For this purpose, periodic tests should 
be made of the complete system with single-frequency 
currents over the range to be transmitted. For these 
tests the microphone can be replaced by a source of 
known amount of current and a measurement made of 
the electrical output of the high quality monitoring 
radio receiver. For such tests, use can be made of 
a “dummy” antenna, if it is not possible or desirable 
to go out “on the air.”’ 
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It is with the use of a testing system such as outlined 
that it is possible to find out wherein the system falls 
down and either change the design of various parts 
of the system or avoid imposing upon the system 
conditions for which it gives poor quality. By follow- 
ing this method it is possible to get the distortion 
between the sounds striking the microphone and the 
energy radiated from the antenna below the amount 
detectable by the ear. 

Frequency Characteristics. The. curves of Fig. 7 
indicate what can be done in obtaining good quality in 
broadcasting. These curves are for station WEAF 
in New York City where the studio and the broad- 
casting station are in different buildings, the two being 
connected by a cable circuit about a mile and a half 
long. Curve a is for the microphone amplifier (A, 
in Fig. 3), curve 6b for the equalized line between the 
studio and station (L,,in Fig. 3) and curve ¢ for the 
radio transmitter and associated amplifier (R T and 
A,in Fig.3). Curve d is for the system from electrical 
power of audio frequency leaving the microphone to 
power from the antenna at radio frequencies. The 
curve for complete operation of the broadcasting system 
from sound in the studio to radio frequency power in 
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the air can be obtained by combining curve d with the 
microphone curve from Fig. 5. Curve d shows the 
station as it is now operated. The small variations 
from the horizontal line can, of course, be eliminated, 
if worth while, by the use of an attenuation equalizer. 


RECEIVING STATION 


The apparatus at the receiving station of a radio 
broadcasting system is required to perform three and 
preferably four functions. The three are selectivity, 
conversion of electrical energy from radio to audio 
frequency and conversion from electrical energy to 
sound. The fourth is amplification. The first two, 
selectivity and detection, are the essential functions 
of a radio receiving set. While it is not within the 
scope or purpose of this paper to discuss in detail various 
types of radio receiving sets, some general discussion 
will be given of the functions of the set in so far as they 
affect quality. Similar consideration will also be 
given to the other functions of the receiving station 
apparatus. 

Amplification. The function of amplification is 
desirable and often necessary in order to bring the 
energy received by the antenna up to a point where it 
can produce sounds loud enough to be easily heard. 
This is particularly the case where loud speaking 
telephones are used to perform the third function. 
While it is a relatively simple matter to provide 
amplification without distortion, it is in performing 
this function that serious distortion is now introduced 
at many receiving stations, particularly when the 
amplification is in the audio frequency range or when it 
is obtained by regeneration. The provision of ampli- 
fication without distortion is largely a matter of proper 
design, based on a knowledge of the characteristics 
of the tubes used and means for coupling stages to- 
gether. A common offender in audio frequency 
amplifiers is the transformer, although with proper 
design it can be made to function satisfactorily.” 

Selectivity. In performing the function of selecting 
the radio wave which it is desired to receive and dis- 
carding others, there is a conflict between the degree of 
selectivity, or sharpness of tuning, and width of the 
frequency band for the reproduced sounds. If this 
band width for the reproduced sounds is to be 5000 
cycles and both side bands of the radio carrier are to be 
received, obviously all other waves within a band width 
of 10,000 cycles will also be received. Further, because 
it is not possible with the resonant type of selective 
means to let through without distortion this 10,000 
cycle band and at the same time cut off absolutely all 
other waves near the edges of this band, the set will 
respond to a wider range of frequencies. 

There are, generally speaking, two types of selective 
means used in radio receiving sets, one a circuit con- 
taining one or more adjustable resonant elements and 
the other a circuit having a.fixed selective element with 
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adjustable means for converting the received radio 
waves into waves of frequencies which will pass through 
the selective element. With the first type of selectivity, 
which includes the selectivity obtained with regener- 
ation, the distortion of the reproduced sounds is ob- 
viously not fixed but will vary with the sharpness of 
tuning used. With the second type of set, the select- 
ivity is fixed in the design and involves, therefore, a 
predetermined compromise between distortion of re- 
produced sounds and degree of selectivity. Fig. 8 
illustrates quantitatively what this compromise entails 
and also the range of distortion which may be obtained 
with a set of the variable selectivity type. Curve A 
shows the characteristic for one stage of audio frequency 
amplification in a particular receiving set, which is 
seen to cause appreciable distortion only at the low 
frequencies. As the distortion caused by radio tuning 
affects only the higher audio frequencies, curve A 
corresponds to a set with no radio selectivity. Curves 
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cycles from frequency for which set is tuned. 
Curve A—Attenuation O transmission units 
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Curve D— 40 a . 


Curve E—Radio set with fixed selectivity. 


B, C and D indicate the effect of increasing degrees 
of radio selectivity. These three degrees of selectivity 
are such that if there is an interfering signal having 
the same intensity in the ether as the signal being re- 
ceived, but having its carrier. frequency 10,000 cycles 
higher or lower, it will produce an audio signal at the 
output of the set 10, 20 and 40 transmission units 
respectively lower than the level of the signal being 
received. In other words a receiving set having the 
characteristic B which is very desirable from the quality 
standpoint will be much less selective against inter- 
ference than one having the higher distortion character- 
istic D. As an example of a practical compromise, 
curve E shows the characteristic of a set of the fixed 
selectivity type which was designed for general all 
around use in receiving both local and long distance 
broadcasting. In this set a frequency 10,000 cycles 
higher or lower than the frequency to which the set is 
tuned suffers a loss of 34 transmission units. 

The fixed selectivity type of set has some advantage 
in that its operation is definite and is less likely to give 
poor quality due to improper operation. The operation 
of this type of set can be materially improved by 
employing for the fixed selective element a band pass 
filter. Such a filter has the advantage that the charac- 
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teristic of the transmitted range can be made practically 
flat for any desired band width and to present a large 
attenuation for frequencies outside the band. For 
example, with a well designed filter of this type, the 
characteristic of the transmitted audio frequency band 
can be made practically flat up to 5000 cycles and the 
discrimination against other signals can be made even 
greater than that given above for curve D. This type 
of selectivity employing a band pass filter was used in 
the receiving sets of the Catalina Island radio telephone 
system.!3 © 

Conversion from Radio to Audio Frequency. In 
converting the electrical energy obtained from the 
antenna from radio to audio frequency, there is in 
general no difficulty from the standpoint of distortion 
provided the “detector” for making this conversion is 
worked below saturation. 
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Conversion from Electrical Power to Sound. The 
conversion from electrical power to sound may be 
accomplished either by the head type telephone 
receiver or by a loud-speaking telephone, the latter 
being obviously more desirable for this purpose. 

In Fig. 9 is shown the frequency response character- 
istic of a good type of commercial head receiver when 
held to ear in the usual manner. It will be noted that 
this introduces appreciable distortion. A material 
reduction in this distortion can be obtained with the 
type of damped receiver used in the high quality 
telephone system described in the first part of the paper. 
The characteristic of such a damped receiver is shown 
also in Fig. 9. 

In Fig. 10, Curve A gives the frequency response 

13. The Avalon-Los Angeles Radio Toll Circuit, Clement, 
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curve for one of the best types of commercial loud 
speaker. This also introduces considerable distortion, 
being particularly weak at the lower end of the fre- 
quency range. This deficiency while not so serious for 
speech, is easily noticeable for music. In this figure 
are given also two curves showing the response charac- 
teristic of laboratory models of loud speakers. These 
are of interest since the means for converting from 
electrical power to sound are the most serious source of 
distortion in a system for transmitting and reproducing 
sounds, and the reproduction given by these models 
(which will be demonstrated at the time of presenting 
this paper) is markedly superior to that obtained with 
the commercially available apparatus, and indicates 
the future possibilities of broadcasting. 


CONCLUSION 


From this consideration of systems for the electrical 
transmission and reproduction of sound, it has been 
shown that it is practicable to get almost perfect 
electrical transmission over a broad band of frequencies 
from the terminals of the pick-up transmitter to the 
radio transmitter and’ from there out into the ‘air. 
With the condenser transmitter and proper associated 
amplifiers the conversion from sound striking the 
diaphragm to electrical energy can also be made without 
appreciable distortion. With a properly designed and 
operated broadcasting station, therefore, high quality 
material can be delivered to the receiving stations. 

At present the commercial radio receiving sets and 
the means for converting from electrical energy to 
sound now generally available can not fully utilize 
this high quality material. These receiving and 
reproducing means can, however, be materially im- 
proved. The problem now is to make such improve- 
ments available in such a form that their cost will not 
make their use prohibitive. As yet the commercial 
production of apparatus incorporating such improve- 
ments is in the future. 

In view of the distortion which exists at the present 
receiving stations, the question may arise as to the 
justification for going as far as has been indicated in 
the other part of the system. The fact is that with the 
reproducing means now available, material deviations 
from the frequency characteristics which have been 
given for the other parts of the system are detectable 
and the effect of non-linear distortion readily noticed. 
In a broadcasting system where one element is used 
for converting from sound to electrical energy and for 
distributing this energy to a large number of elements 
for reconverting it into sound, the expense of getting 
good results in this one element is not prohibitive and, 
taking into account the whole system, relatively small. 

In broadeasting, the novelty of the system.was un- 
doubtedly a large factor in its rapid growth and develop- 
ment. Those who make use of the system are, however, 
becoming more critical of the service which it renders 
and the quality of reproduction will be of increasing 
importance in the future. 
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. Review of the Subject.—In the sale of electric power especially 
in large amounts at high voltages, current transformers are 
universally used to operate the meters from the readings of which the 
bills are made out. While the secondary currents of such trans- 


formers reproduce fairly faithfully on a smaller scale the conditions 


of current strength and phase existing in their primary circuits, 
meter engineers are realizing more and more the importance of 
checking up the accuracy of this link in the chain of measurements. 

Many possible methods have been suggested for testing the accuracy 
of current transformers. Some are delightfully simple and in- 


INTRODUCTION 

AS a result of the continued growth of electric powe 
systems, and the improvement in accuracy of 
metering methods which has accompanied it, 
more and more attention is being given both by utility 
companies and public service commissions to the testing 
of the instrument transformers which are almost invari- 


-ably involved in the measurements on which large 


amounts of electric energy are bought or sold. The 
choice of which testing method to adopt in any given 


‘ease depends very greatly upon a variety of conditions, 


such as the volume of testing work to be done, the 
accuracy required, the skill of the staff available for 
making the measurements, and the working conditions 
such as steadiness of the supply voltage, freedom from 
stray magnetic fields, etc. 

It is the purpose of the present paper to assist the 
meter engineer in choosing a testing method by assem- 
bling in convenient form brief descriptions of the various 
methods which are now available for testing current 
transformers, and indicating the advantages and dis- 
advantages of each method. 

‘There will be given first a brief classification of the 
available methods, together with a discussion of the 
more important properties of the electrodynamic type 
of instrument used in many of the testing methods. 
This will be followed by a brief description of each 
method with an indication of its advantages and dis- 
advantages, and its probable accuracy, and later by a 
more detailed discussion of the various forms of detect- 
ing instruments which may be used with many of the 
methods. In Appendix A is given a bibliography 
which, though by no means complete, lists the more 
important methods for testing current transformers. 
The numbers in parenthesis scattered through the text 
refer to the articles in the bibliography. where the 
particular subject referred to will be found discussed 
in more detail. 


GENERAL CONSIDERATIONS 
A typical vector diagram for a current transformer 
is shown in Fig. 1. If the primary current J, is divided 


} A \dwinter nition 
Abridgement of a paper presented at the Midwinter Conven 

of the ihe E. E., Philadelphia, Pa., February 4-8, 1924. Com- 
plete copies to members on request. 


accurate while others involve relatively intricate connections and 
sensitive apparatus, but give correspondingly more exact results. 
The present paper gives a critical discussion of the various possible 
methods with data as to the advantages and disadvantages of each, 
in order to serve as a guide to the meter engineer in selecting the 
method best suited to the particular working conditions of accuracy, 
speed, volume of testing, and intelligence of labor, existing in his 
plant. In all eleven distinct methods are described, and supple- 


mentary suggestions are made concerning various types of detecting 
instruments, etc. 


by the nominal ratio of the transformer, and reversed 
in direction, we obtain the vector I’, which is here 
represented as being slightly larger than the secondary 
current I, and as lagging behind it by a small angle £. 
The ratio of the effective values of I, to I, is defined as 
the current ratio of the transformer, while the ratio of 
the effective values of I’ to I, is defined as the ratio 
factor and is the quantity by which the nominal ratio 
of the transformer must be multiplied in order to ob- 
tain the true current ratio. The phase angle of the 
transformer is defined as the angle by which the second- 
ary current leads the reversed primary current. .In 
order to determine the performance of a current trans-. 
former completely as part of a measuring equipment, it 
is necessary to know the values of ratio and of phase 
angle for all the conditions of use. Unfortunately 
these two values depend to a considerable extent upon 
the frequency, the secondary burden, and the value of 


(ve, 


the currents flowing in the transformer windings, and it 
is therefore necessary to duplicate all of these conditions 
when the transformer is tested. Since all testing 
methods require the insertion of some additional 
apparatus into the secondary circuit, it becomes a 
matter of very considerable importance in accurate 
work to insure that proper allowance for this has been 
made and that the transformer is tested with a burden 
closely equivalent to that on which it is used in service. 
It is convenient to determine the ratio and phase angle 
at secondary current values of 0.5, 1, 2, 3,4 and 5 am- 
peres since interpolation between these points is satis- 
factory for determining intermediate values. It is 
found that well-made transformers having several 
primary windings which may be connected in series © 
or parallel have substantially the same ratio factor and 
phase angle with all connections. In transformers of 
the hole type in which the primary is inserted by the 
user of the transformer, this constancy of ratio and 
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phase angle is not as perfect as in the preceding case, 
but the variation in these quantities seldom exceeds 
0.3 per cent in ratio and five minutes in phase angle. 

In the use of a current transformer for the measure- 
ment of current, phase angle is, of course, of no impor- 
tance and it is necessary to measure only the ratio of the 
transformer. On the other hand, when the transformer 
is used with a wattmeter or watthour meter on circuits 
of power factor other than unity, the effect of the phase 
angle becomes of importance. The effect of this angle 
has been worked out by Robinson (28) and others 
(10, 21, 24, 26), and can be expressed by the equation 


P’ Roos (6 + 8) 
cos 6 


(2 = P’|R(cos 8 — tan @sin B)](1) 
where P = true power in primary circuit 
P’ = apparent power as observed in the second- 
ary circuit 
apparent power factor as observed in the 
secondary cireuit 
R = ratio of current transformer 
8 = phase angle of current transformer 

In some cases where it is known that the transformer 
will be used on circuits having a particular power factor, 
it is desirable to make the test in such a manner as to 
determine not the ratio and phase angle separately, 
but the particular combination of these two quantities 
which is included in the brackets in the right hand mem- 
ber of equation (1.) This type of test gives the over-all 
correction factor which must be applied to power or 
energy measurements at the particular circuit power 
factor. Any of the methods described below which use 
electro-dynamic instruments or watthour meters in the 
measurement, permit of this type of test. 

Methods for testing instrument transformers may be 
classified (6) into (A) absolute and (B) relative methods 
as shown in Table I. In the absolute methods the 


TABLE I 


cos 6 


A Absolute 
a Deflection 
Two Ammeter Method 
Two Wattmeter Method 
‘b Balanced 
Mutual Inductance Method 
Resistanee Method 
Baker Test Ring Method 
B Relative 
a Deflection 
Interchanged Ammeter Method 
Interchanged Wattmeter Method 
Interchanged Watthour Meter Method 
b Balanced 
Differential Wattmeter Method 
Bridge Cireuit Method 
Null Bridge Method 


ratio and phase angle of a single transformer are deter- 
mined directly from the observations, while in the latter 
the constants of the transformer under test are com- 
pared with those of a standard transformer of the same 
nominal ratio which has been previously tested by an 
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absolute method. The absolute methods are suitable 
for two classes of work (1) in standardizing laboratories 
when the highest accuracy is needed in testing trans- 
formers which are to be used as standards and (2) in 
relatively crude measurements under emergency con- 
ditions when the standard transformers needed for the 
relative methods are not available. As is usually. the 
case with any type of measurements, the relative 
methods are in general simpler and require less sensitive 
and delicate apparatus for the same accuracy than do 
the absolute methods, and are therefore to be pre- 
ferred in most cases. 

The methods of either type may be further classified 
as (a) deflection or (b) balanced methods. In the 
former the magnitude and phase (or their equivalents) 
of both the primary and secondary currents are ob- 
served separately and the ratio and phase angle com- 
puted from these observations. In the latter the 
effects of the two currents to be compared are opposed 
and only their vector difference is measured. In the 
true null methods this difference is completely balanced 
against a known vector, while in other balance methods 
of what may be called the ‘‘semi-null” type the vector 
difference is obtained from the deflections of suitable 
instruments. As in other types of measurement the 


balance methods have decidedly greater accuracy than 
the deflection methods and the semi-null methods are 
usually slightly quicker to operate than the null 
methods. 

Fig. 2 shows a vector diagram applicable to any 
relative method of testing. The primary current J, 
passes through the primary coils of both transformers 
and produces currents J, and J, in the secondary coils 
of the standard and test transformers respectively. 
The differential current A J or some effect proportional 
to it can be measured in terms of J,. The observations 
then give the ratio J, to I, and the phase difference 


A 6 between these vectors. ; is 
found by multiplying J,/I, by R, (the ratio, I,/I., of 
the standard transformer). The true phase angle 
Bz = AB = 6,. 

In order to avoid repetition later it may be well at 
this point to review briefly the principal properties of 
two-cireuit electrodynamic instruments (indicating 
wattmeters and electrodynamometers) since these are 
often used in transformer testing. Instruments of this 
type are used for two main purposes (1) as a guide in 
setting the proper phase relation between the currents 
in two different circuits, and (2) to measure currents or 
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differences of currents, such as AI of Fig. 2. The 
fundamental equation for the deflection of an instru- 
ment of this type is 


I,1,¢€08 @ =k D (2) 


where I; is the current in the fixed coil, J,, is the current 
in the moving coil, 6 is the phase displacement between 
these two currents, D is the deflection and k is a con- 
stant of the instrument. As the phase of one of the 


. currents, say I, is rotated with respect to that of the 


other current, the deflection of the wattmeter will rise 
from zero to a maximum value and then decrease 
through zero to a negative maximum and then return 
to its original value. An indication of zero on the instru- 
ment corresponds to the value of cos @ = 0 in equation 
(2) and hence to 6 = 90 deg. It may be noted that the 
accuracy of locating the zero position is much greater 
than that of locating the maximum, and therefore the 
former method should always be used where possible as 
a means of setting phase. If full-scale deflection of the 
instrument corresponds to 150 divisions, then an error 
of one division at the zero mark corresponds to an error 
in the phase relation between the currents of only 0.4 
deg. while the same error at the maximum position 
corresponds to 6.5 deg. 

When used for the purpose of current measurement, 
one coil is excited by sending through it a current of 
known magnitude and phase, while the current to be 
measured is sent through the other coil. The instru- 
ment then becomes in effect an ammeter and serves to 
measure the component of the current in the second 
coil which is in phase with that in the first. When the 


_ fixed coil is excited and the current to be measured is 


sent through the moving coil, we have the equation 


a) 
I; 
If an ordinary wattmeter, the scale of which is gradu- 
ated in watts, is used with a separate exciting current 
I, in the fixed coil, the value of the constant k is given 
by k = w/R, where R, is the resistance in ohms of the 
voltage circuit and w is the watts per division. If, on 
the other hand, the voltage circuit is excited with an 
auxiliary voltage V, the component of fixed coil current 

in phase with this voltage is given by 


w D 
Pees Yee ovr, (4) 


T,, cos 6 = (3) 


In order to determine completely any current such 
as I; or AI of Fig. 2, two readings are necessary in 
which the wattmeter is excited from two sources of 
current of different phase. After such readings have 
been obtained it is possible by graphical construction 
or by trigonometry to determine both the magnitude of 
the unknown current and its phase relation to either 
of the auxiliary current sources. From two. pairs of 
such measurements of I; and J», or of AI and Iz, the 
vector relation of I; to I; can be obtained in terms of 


SILSBEE: METHODS FOR TESTING CURRENT TRANSFORMERS 241 


these readings, and gives the desired constants of the 
transformer. The mathematical treatment of the rela- 
tions involved is given in Appendix B. The resulting 
equations are rather complicated and burdensome in 
the general case, but fortunately they reduce to very 
simple forms when one of the auxiliary currents is in 
phase with the secondary current of the transformer 
under test and the other auxiliary current is in quadra- 
ture therewith. It is therefore advisable wherever 
possible to insert some form of phase shifting device in 
the circuits supplying the auxiliary current in order that 
one of them may be brought into phase with the second- 
ary current of the transformer. The use of the general 
equations of Appendix B should be limited to exigencies 
when such a phase-shifting arrangement is not available. 

In cases which frequently arise in practise where the 
auxiliary circuits exciting the dynamometer are ob- 
tained from a three-phase system, the angle » in . 
Appendix B becomes 60 deg., and the solution reduces 
to equations 


1 


‘A, cos B 


ih 
or (1 + A/A») Rete (5) 


Re 


1 


2 BAe tife2 AA 
Als + Aa o 


The symbols used in this and the following equations 
are defined in Appendix B. It will be seen that these 
are fairly simple if one of the currents can be brought 
into phase with the transformer secondary current, 
and the need for a two-phase source of current can be 
avoided by using these equations instead. 

Equation (3A) of Appendix B is 

R (cos 6 — tan 6 sin 8) = Ai/A2 (3A) 

It will also be noticed that the left hand member of this 
is identical with the factor given by equation (1) above 
for the correction to the wattmeter or watthour meter 
operating at a circuit power factor cos 6. Consequently 
any of the wattmeter methods may be used with the 
auxiliary voltage, making an angle 6 with the trans- 
former currents to determine the over-all correction 
factor for that particular power factor. 

It appears from the preceding paragraph that all of 
the testing methods which involve wattmeters or 
watthour meters in the measurement have the following 
advantages and disadvantages in common: 

Advantages: 

(1) They automatically check the polarity mark- 
ing. 

(2) They permit of test giving combined effect 
of ratio and phase angle at any specified 
power factor. 

(3) The instruments used are of simple and 
generally available types except when high 
sensitivity is desired. 
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Disadvantages: 
(1) They require an auxiliary source of voltage. 
(2) If phase angles are to be measured this must 
be a polyphase source preferably two-phase. 
(3) It is highly desirable to provide for shifting 
the relative phase of the auxiliary voltages. 


ABSOLUTE METHODS . 


The term “absolute’’ may be applied to those 
methods in which the constants of a single transformer 
ean be determined directly without reference to any 
standard transformer of the same nominal ratio. 

Two-Ammeter Method. (6, 17, 24, 28) By far the 
simplest possible absolute method is the use of two 
ammeters, one to measure the primary current and the 
other to measure the secondary current. The ratio 
of the transformer is given directly by the ratio of the 
_ammeter readings. Of course the phase angle cannot 
be determined by this method. The accuracy is 
limited by the calibration errors of the two instruments 
and by the accuracy with which they can be read 
simultaneously. With carefully calibrated instruments 
it is possible to obtain an accuracy of 14 per cent at 
full rated current, but because of the non-uniform 
scales of all a-c. ammeters the accuracy falls off to a 
very poor value at lower currents. This source of 
inaccuracy can be reduced only slightly by changing 
the range of the ammeter used in the primary circuit. 
This expedient is not feasible in the case of the second- 
ary ammeter since the burden imposed on the trans- 
former by inserting in its secondary circuit the coils of 
an ammeter of lower range than 5 amperes is excessive, 
so that the results obtained when such lower range 
ammeters are used are decidedly different from the 
performance of the transformer when in actual service. 
Other objections to this method are that its range is 
limited by the available range of self-contained a-c. 
ammeters which is about 500 amperes, the method gives 
no check on the polarity marking of the transformer, 
and the results give only the ratio of the transformer 
and not its phase angle. 

Two-Wattmeter Method. (6, 17, 28, 24) In this 
method the current coils of two wattmeters of appro- 
priate range are connected in series with the primary 
and secondary circuits of the transformer respectively, 
and the voltage circuits of the wattmeters are con- 
nected in parallel with one another and to one or the 
other phase of an auxiliary source of voltage. If the 
auxiliary voltage is in phase with the secondary cur- 
rent, the ratio of the watt readings gives the ratio of the 
transformer. If the phase of the auxiliary voltage is 
approximately in quadrature with the primary current, 
the phase angle of the transformer is given by 

3 B,—-NB, W,.-NW, 


Pan B= A, = Ef, 


(7) 


where W, and W; are the readings of the primary and 
secondary wattmeters respectively. J. 1s the secondary 
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current, E the effective value of the auxiliary voltage, 
and N the nominal transformer ratio (see Appendix B). — 

This method is also simple and quick, and after a set 
up has once been checked out, it serves to check the 
polarity of other transformers which may be tested with 
it. Furthermore, by exciting the voltage circuits of 
the wattmeters from an auxiliary voltage which is dis- 
placed in phase by an angle 6 from the transformer 
currents, the resultant readings give directly the com-— 
bined error due to ratio and phase angle when used ona — 
circuit of power factor cos 6. As in the preceding 
method the range is limited by the range of available 
wattmeters which is about 200 amperes. The accuracy 
may be as high as 0.2 per cent at full current and drops 
off only in proportion to the current instead of dropping 
off in proportion to the square of the current as in the 
preceding method. A disadvantage which it has in 
common with most other methods using electrodynamic 
instruments as detectors is that it requires a polyphase 
auxiliary source of voltage. 

We now come to the class of absolute balance methods 
in which some effects of the primary and of the second- 
ary currents are balanced against one another as a means 
of determining their ratio and phase displacement. 

Mutual Inductance Method. (13) In this method’ 
the primary and secondary currents respectively are 
sent through the primary windings of two large mutual 
inductors. These are chosen so that the value of each 
mutual inductance is inversely proportional to the 
nominal value of the current which it carries, and hence’ 
the secondary electromotive forces induced are approxi-' 
mately equal. The-secondary coils of the two mutual 
inductors are connected in series opposition so that the 
difference in the induced e. m. f. is applied to a detector. 
A fine adjustment is provided on one of the mutual 
inductances so that an exact balance can be obtained. 
In order to compensate for the phase angle of the trans- 


‘former, a small resistance of a few hundredths of an 


ohm is connected in series with the secondary circuit of 
the transformer under test, and the voltage drop across 
a variable portion of this is inserted into the detector 
circuit. 

This method is suitable for precise laboratory work 
and can be made exceedingly accurate. It is also easy 
to construct the mutual inductors with a considerable 
number of individual coils which may be connected in 
series or parallel. It is thus possible to obtain a wide 
range of values of mutual inductance and consequently 
a wide range of transformers can be tested. 

On the other hand, it is very essential that the induct- 
ors be astatic since any electromotive forces induced in 
their secondary windings by a stray field would intro- 
duce an error directly in the ratio determination. This 
feature has been very successfully obtained in the 
apparatus designed by Fortescue, and now used by the 
Westinghouse Co. In this equipment a range of from 
5 to 5000 amperes is obtained, and the mutual inductors 
have been made astatic by the use of toroidal coils for 
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both primary and secondary. Such a uniformly wound 
toroid produces no external magnetic field, and conse- 
quently will have no electromotive force induced in it 
even when placed in a strong external field providing 
the conductor producing this field does not pass through 
the opening of the toroid. By using a relatively large 
number of turns in the secondary coils, it is possible 
to obtain a secondary electromotive force as great as 4 
volts, and an accuracy of 0.01 per cent can be obtained 
even while using a rugged and relatively insensitive 
detector. In the equipment mentioned above the 
necessary burden inserted in the secondary coils of the 
transformer by the testing equipment varies from 0.1 
to 0.3 of an ohm impedance, depending upon the con- 
nections which are used. Complete astaticism requires 
that the marble core on which the coils are wound shall 
be machined very accurately to dimensions, and as a 
result the entire equipment is rather expensive, and so 
far as the writer is aware has not been duplicated in any 
other laboratory. 

In any such apparatus it is important to make certain 
that the secondary electromotive force from the mutual 
inductor is in quadrature with the primary current. 


Rre. 3 


Often this relation does not exactly hold in cases where 
the primary circuit consists of conductors of large cross 
section such as are necessary when heavy currents are 
to be measured. Fortunately the same toroidal con- 
struction which makes the inductor astatic also contri- 
butes to reduce this phase defect. (81). 

Resistance Method. (1, 6, 9, 19, 20, 211A 95,28, 29; 
30,33). This method is perhaps more generally used 
than any other absolute method for the precise testing 
of current transformers. In its various modifications 
it is used by the National Standardizing Laboratories 
of the United States (1), England (83), France (19)3 
and Germany (25), and also by several commercial 
and university laboratories. The primary and second- 
ary currents are passed through four-terminal resistance 
standards of such value that the potential drops across 
the two are equal, and in most equipments of the order 
of one volt. - The potential terminals of the shunts are 
then connected in series with the detector instrument 
so that the J R drops are in opposition. The phase 
angle of the transformer is determined in several 
different ways at the various laboratories, depending 
upon the type of detector used. In one group of 
laboratories the unbalanced e. m. f. resulting from the 
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fact that the primary and secondary currents are not in 
phase is balanced by inserting in the detector circuit a 
third source of e. m. f. in quadrature with the primary 
current. This e.m. f. may be obtained in several ways, 
the simplest of which is from the secondary of a small 
mutual inductor (1, 9, 30), the primary of which is con- 
nected in either the primary or the secondary circuit 
of the transformer under test. The compensating 
electromotive force may be obtained if preferred from a 
separate phase of the generator supplying the test 
current (19), or from a shunt circuit containing a con- 
denser connected across the potential terminals of the 
primary resistor (29). With any of these arrangements 
the resistances and the quadrature electromotive forces 
are adjusted until the detector shows a condition of 
balance and the ratio and phase angle are then com- 
puted from the settings by the formulas 


R = R./R, (8) 
w M : 
tarp R or an equivalent formula. (9) 
2 


In the second group of methods the effect of the phase 
angle is determined by the residual deflection of the 


detecting instrument after the I R drops have been 


balanced and the detector has been excited from an 
auxiliary source in quadrature with the transformer 
currents (20, 25, 28). Slight modifications in the 
method as described are introduced by the type of 
detector which is used, but these will be discussed in a 
later paragraph. The method is capable of an accuracy 
of 0.01 per cent and can easily be made direct reading 
except for possible corrections to the values of the 
primary and secondary shunts, By suitably changing 
the nominal values of these shunts the method can be 
made very flexible, and the range can be extended in- 
definitely. The detector can be made sufficiently 
sensitive so that the voltage across the shunts is only 
(0.25 volt at full current, and the burden introduced into 
the secondary circuit can be kept as low as 0.1 ohm. 

The principal objections to this method are the fact 
that it requires a sensitive and therefore delicate detect- 
ing instrument, and that the shunts must be carefully 
constructed to minimize residual inductance, and to 
avoid skin effect. The construction of non-inductive 
shunts for currents up to 1000 amperes is relatively 
simple but becomes inéreasingly difficult beyond that 
point (31). Precautions must also be taken to avoid 
errors from capacity currents which may circulate 
through the detector from the primary source of 
current. 

The Baker Test Ring Method. (4) Instead of 
balancing the electromotive force produced by a pair 
of mutual inductances or a pair of resistances, as was 
done in the previously described methods, this method 
opposes the magnetomotive forces produced by the 
primary and secondary currents. A special test ring 
of well laminated transformer steel is provided with 
primary and secondary windings quite similar to those 
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of a current transformer. A third winding is placed 
next to the iron core and has a large number of turns 
(about 6000). The primary and secondary currents 
of the transformer under test are led through the 
corresponding coils around the test ring in such a direc- 
tion that their magnetomotive forces are in opposition. 
Any departure of the currents from their nominal ratio 
produces a slight flux in the ring which in turn induces 
an electromotive force in the third winding. This 
third winding is connected to one coil of a wattmeter 
or other type of electrodynamic instrument, the other 
coil of which is excited from any suitable auxiliary 
source. The number of turns through which the 
secondary current of the transformer circulates is then 
varied until the indication of the wattmeter is reduced 
to a minimum. Since the number of turns of the 
secondary coil can be varied only in integral steps, the 
procedure in using the apparatus is to record the read- 
ing of the wattmeter for two different values of second- 
ary turns near the point which gives the minimum read- 
ing. Thus, for example, if the balance point lies be- 
tween 179 and 180, the readings of the wattmeter for 
both of these numbers of secondary turns is observed. 
The wattmeter is then excited from some other aux- 


Primary 


im 


Phase B 


Fie. 4 


iliary voltage having a different phase from the first, 
and a similar pair of readings is taken. From these 
readings it is possible by a simple graphical construction 
to lay off on the drawing board the relative location of 
the primary and secondary current vectors with respect 
to the auxiliary voltages, and by interpolation between 
the observed points to determine the ratio and phase 
angle. 

This method has the advantage of requiring only 
simple and inexpensive apparatus, and of being quite 
flexible in range since the primary winding on the test 
ring usually consists of only a few turns which can be 
easily changed. The computation of the results is, 
however, somewhat complicated and liable to lead to 
blunders and the accuracy is not as high as that of the 
two previously described laboratory methods. Further- 
more, as in all methods employing electrodynamic 
instruments, a separate polyphase auxiliary source is 
required. 

The burden which the apparatus adds to the second- 
ary circuit of the transformer consists of the resistance 
of the secondary coil of the test ring, which in most 
cases can be several hundredths of an ohm and in 
addition there is an effective burden resulting from any 
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electromotive force induced in the coil by the flux 
arising from lack of perfect balance of the magneto- 
motive forces. 


RELATIVE METHODS 


If a standard current transformer with known ratio 
and phase angle and of the same nominal ratio as the 
transformer which it is desired to test is available, it 
then becomes feasible to use any one of several 
additional methods which have certain advantages 
over those previously described. Of course any of the 
absolute methods can be used to compare a transformer 
with a standard transformer of the same nominal ratio, 
but only those will be mentioned here in which the 
fact that the nominal ratios of the transformers are 
the same, permits of a notable simplification or in- 
crease In accuracy. 

Interchanged Ammeter Method. (6, 24) A simple 
relative method of testing transformers is analogous 
to the two-ammeter absolute method first discussed, 
and consists in connecting two transformers with their 
primaries in series and with a 5-ampere ammeter and 
any other desired burden in the secondary circuit of 
each transformer. Simultaneous readings are then 
taken of the two secondary ammeters. The ammeters 
are then interchanged and a second set of readings 
taken. The ratios of the two transformers are then 
inversely proportional to the average readings of the 
ammeters connected to them. 

It will be seen that interchange of the ammeters, 
which is made possible by the fact that transformers 
have the same nominal ratio, eliminates any error 
arising from a difference in calibration of the two 
instruments, and the absolute calibration of either 
instrument is of only minor importance in the test. 

Of course this method gives only the ratio of the 
transformers and not their phase angle, and the 
accuracy falls off very badly at low values of the current. 
For the reason previously mentioned, it is not possible 
to use low range ammeters in making the test at the 
lower points on the curve. In actual tests with this 
method it is very important so to arrange the circuits 
that the secondary windings of the transformers are 
not open-circuited while current is flowing in the 
primary when the two ammeters are interchanged. 
A switch connected directly across the terminals of 
each transformer which can be used to short-circuit 
it while changes are being made in its secondary circuit 
is a valuable addition to any current transformer 
testing set-up. 

Interchanged Wattmeter Method. (6, 24) This method 
bears the same relation to the two-wattmeter absolute 
method as the interchanged ammeter method does to 
the corresponding absolute method. It is quite 
simple to check the polarity of the transformers and 
by using an excitation for the voltage circuits of the 
wattmeters having a specified phase relation to the 
transformer currents, the results give directly the 
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relative performance of the transformers on a circuit 
of that particular phase displacement. The accuracy, 
however, is limited to the accuracy of reading the 
wattmeters and is rather poor with small currents. 

Interchanged Watthour Meter or the Agnew Method. 
(8, 6, 10, 11, 16, 21, 24) This method is very similar to 
that just described except that a pair of induction 
watthour meters are used instead of the two electro- 
dynamic wattmeters. The advantage of these meters 
is that by obtaining their registration over a run of 
several minutes duration, it is possible. to obtain 
readings of greater percentage accuracy than can be 
done on the scale of an indicating instrument. This 
method was originally described by P. G. Agnew (3) 
and has been the subject of a number of other papers 
which have suggested slight improvements. At least 
one of the watthour meters which are used must have 
graduations marked on the disk, or be of the so-called 
“rotating standard”’ type in order that fractions of a 
revolution may be read off. It is usually desirable to 
operate the meters at a speed somewhat greater than 
normal since their accuracy is not impaired and the 
time of the test is shortened. This condition can be 
obtained by moving the drag magnets of the meters 
nearer the axis or by shunting them. By careful work 
an accuracy of better than 0.1 per cent can be obtained 
by this method, but the long time required for obtaining 
the readings of the watthour meters at each point 
renders the method somewhat slow. The compu- 
tations involved are rather long but can be considerably 
simplified by the use of formulas and methods pub- 
lished by Craighead and Weller (10) or by Crothers 
and Kartak (11). 

The three preceding methods are all of the deflection 
type, inasmuch as the entire primary and secondary 
effects are observed separately and compared in the 
computation. The advantages of relative methods of 
testing appear more definitely, however, in the balance 
methods, since we here have quantities of substantially 
equal magnitude and phase to be balanced. 

Differential Wattmeter Method. (35) This method is 
based upon the principle of opposing the magnetic 
fields due to the secondary currents supplied by the 
standard and test transformers respectively. The 
secondary currents are sent through duplicate current 
windings of a wattmeter in such a direction that their 
magnetic effects are opposite. The moving coil of the 
wattmeter is then excited from an auxiliary source of 
voltage which may be either in phase or in quadrature 
with the currents in the transformers. A comparison 
of the indications of this instrument with that of an 
ordinary 5-ampere wattmeter connected with its 
current coil in the secondary circuit of one of the 
transformers and its voltage coil in parallel with that 
of the differential instrument serves to give the ratio 
and phase angle of the transformer from the equations 
(11) and (14) or (15) of Appendix B. 

The equality of the two-current coils can be checked 


SILSBEE: METHODS FOR TESTING CURRENT TRANSFORMERS 


245 


by a second observation in which they are interchanged 
or by connecting them in series opposition and sending 
current through them from a single transformer. This 
method is simple and, like other electrodynamic 
methods, can be used. to check polarity and to obtain 
the effective ratio at any desired circuit power factor. 
The disadvantage of the method is that it requires a 
somewhat special instrument which can have relatively 
few turns in the current coils so that the sensitivity is 
low. As a result if an ordinary 10-ampere range watt- 
meter which has two current coils in parallel is used with 
the coils separated, the sensitivity will be of the order 
of 1 per cent per division at 5 amperes. It is, however, 
often possible to overload the current coils of a watt- 
mete: and a suspension-type dynamometer instrument 
is amply sensitive to give an accuracy as great as 0.01 
per cent. Asa rough factory check on the performance 
of transformers to determine any serious mistakes in 
construction it is probable that this method is very 
useful. 

Modifications of this method which hardly require 
separate consideration are (1) the use of a polyphase 


Test Transformer a Standard Transformer 


eee = = ee — 


(Soe SS 


Phase A = = Phase B 


Hie. 5 


wattmeter with its elements connected in opposition, 
and (2) the use of a differentially-wound watthour 
meter from which the light load compensation has been 
removed (35). 

Bridge Circwit Method. (6, 12, 32). Instead of sub- 
tracting the magnetic effects due to the standard and 
test transformers, it is simpler to subtract the currents 
directly. This can be done by connecting the standard 
and test transformers with their primaries in series and 
with their secondaries also in series in such a direction 
that both transformers tend to circulate current in the 
same direction through both secondary burdens, as 
shown in Fig. 5. A “bridge” circuit is then connected 
between the points a and b with the result that any 
difference in the secondary currents of the two trans- 
formers tends to flow across this bridge and can be 
measured by a suitable detecting instrument placed in 
the bridge circuit.! The detector in the bridge circuit 

1. This method was first described by W. A. Folger and was 
published ‘in the Proceedings of the Pennsylvania Hlectrical 
Association in 1916, where, however, it is not widely available. 
It was suggested independently by the author in 1917 and pub- 
lished as part of Scientific Paper No. 309 by the Bureau of 
Standards. 
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can be a fairly sensitive low-range pivoted wattmeter 
-excited from a suitable auxiliary source. 

When the difference in the secondary currents of the 
two transformers is AJ and the impedance of the 
detecting coil circuit is Z, the effective burden on one 
transformer is increased and that on the other trans- 


formeris decreased by anamount Z X =. When the 
transformers are nearly equal in ratio this quantity is 
negligible, but when comparison is made between trans- 
formers of very different performance, the shift of the 
burden may become appreciable. It can be minimized 
by keeping the impedance of the detecting coil as low 
as possible. It has been found that the current coil of a 
one-ampere wattmeter or the voltage coil of a 30-volt 
wattmeter makes a satisfactory detecting circuit. It is 
convenient to shift the spring holders of such an instru- 
ment so as to put the zero in the middle of the scale. 
The scale can then be made to read directly the per- 
centage difference in ratio of the transformers. This 
procedure also places the moving coil more nearly in the 
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position where it-has zero mutual inductance with the 
fixed coil, and the slight errors caused by such induct- 
ance are reduced. With care this method is capable of 
an accuracy of 0.1 per cent in ratio and 38 minutes in 
phase angle. 

Null Bridge Method. (82) This method is a modi- 
fication of the one just described in which the uncer- 
tainty in the secondary burden resulting from im- 
pedance of the detecting instrument, and also the 
slight errors which may be produced by mutual induct- 
ances between the two coils of the detecting instrument 
have been eliminated. As shown in Fig. 6 this method 
makes use of a second bridge circuit, c e f which is made 
to carry the difference in current of the two trans- 
formers. The differential current is caused to circulate 
through this bridge circuit instead of through the 
detector by suitable adjustment of the resistance r. and 
mutual inductance M. When a balance is obtained 
the ratio and phase angle of the test transformer are 
given in terms of those of the standard transformer by 
the following equations: 


fig/lte =1+a+67/2—be...=1-+aapprox. (10) 
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tan (6 — 6) =b + ac = b approx. ~ (11) 
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Unless the transformers differ widely in performance 
only the first terms of these formulas are of importance, 
and the slide wire resistance r, can be made to read _ 
directly the difference in ratio of the two transformers. 
The detecting instrument in this case may be either 
a vibration galvanometer or a separately excited electro- 
dynamic instrument. In the latter case it is desirable, 
though not absolutely essential, that the phase of the 
exciting current be adjusted to coincide with that of the 
currents in the transformer. The magnitude of the 
exciting current, however, need not be known since the 
detector is used only as a null instrument. 

In any testing method it is theoretically possible to 
determine the algebraic sign of the phase angle from _ 
the direction of the deflection. It is, however, in almost 
all cases much easier to determine this sign from a 
simple test based on the fact that adding non-inductive 
resistance in the secondary of a current transformer 
tends to increase the ratio and, except in very extreme 
cases, tends to advance the phase of the secondary cur- 
rent. Hence if the addition of such resistance in- 
creases the phase-angle reading the angle was originally 
positive before the resistance was added. If the addi- 
tion of resistance decreases the phase-angle reading or 
reverses its direction, then the angle was originally 
negative. A similar test with any relative method 
shows which of the two transformers has the greater 
ratio. 


DETECTORS 


In the deflection methods the measurement is of 
course made directly by commercial pivoted instru- 
ments, and no unusual or sensitive detectors are needed. 
In the balance. methods, however, special types of 
detector are used either as null instruments or in some 
cases also as deflection instruments, which serve to 
measure a small difference between two larger currents. 

The absolute methods in general require relatively 
highly sensitive and therefore somewhat delicate 
instruments. To bring out more clearly the difference 
between relative and absolute methods, the case of the 
resistance method may be compared with the bridge 
circuit method. In the typical case of the resistance 
method the available voltage drop across the shunts is 
fixed at say 0.25 volt in order to keep down the burden 
inserted in the secondary circuit. At a secondary 
current of 0.5 ampere the voltage drop is only 0.025 
volt, and if the ratio is to be determined to an accuracy 
of one part in 10,000 the detector must be sensitive 
enough to indicate an unbalance of 2.5 microvolts. 
This practically necessitates a suspension type instru- 
ment, and most detectors of this sensitivity are read by 
a mirror and scale arrangement. 

In contrast with these, the relative methods require 
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in general detectors of much lower sensitivity. Thus, 
for example, in the case of the bridge circuit method, to 
obtain an accuracy of one part in 10,000 at one-tenth of 
rated current, the detector must show a visible indica- 
tion when 50 microamperes pass through it. To 
compare this with the preceding case we must see what 
resistance the detector may have without loading the 
transformers with more than the assumed burden of 


.0.05 ohm. Even if the transformers under comparison 


differ in ratio by as much as 5 per cent, a current of 
only 0.25 ampere will flow through the bridge circuit 
at full current. The bridge may therefore have as 
much as 1 ohm resistance without adding more than 
0.25 volt drop at the transformer terminals. With 
this resistance a sensitivity of 50 mucroamperes 
corresponds to 50 microvolts, which is 20 times the 
voltage which the detector for the absolute method 
would have to detect. Because of this relationship 
it is feasible to use pivoted wattmeters, such as those 
intended for measurements on circuits of low power 
factor. There are also on the market certain suspension 
types of pointer galvanometers which are fairly rugged, 
and which are decidedly more sensitive than is 
usually necessary, consequently by the use of such 
galvanometers the burden inserted in the secondary 
circuit can be made less than the 0.05 ohm assumed 
above. : 

For the absolute methods requiring high sensitivity, 
the available types of detectors are (1) the vibration 
galvanometer, (2) the separately excited electro- 
dynamometer, (3) the separately excited quadrant 
electrometer, and (4) the d-c. galvanometer used 
with a synchronous rectifying commutator. 

The direct-current galvanometer with rectifying 
commutator (7, 30), can be made the most sensitive 
of these instruments, and for the sensitivity required 
in the absolute testing methods, a fairly rugged galvano- 
meter can be used. There are, however, a number of 
possible sources of error connected with its use which 
require a little care in their elimination. The friction 
of the brushes on the commutator tends to produce 
local heating, and thus spurious thermoelectric currents 
in the circuits. This error can, however, easily be 
eliminated by using as a zero point the reading of the 
galvanometer when the a-c. side of the commutator 
is short-circuited. Hunting of the synchronous driving 
motor, necessity of shifting the brushes to the proper 
commutating plane, and the irregularities in contact 
resistances are also sources of annoyance. This 
method also of course requires a synchronous source 
of fairly constant voltage from which to operate the 
driving motor. 

A vibration galvanometer (84) can also be made 
very sensitive and has the great advantage that when 
it indicates a balance, the observer is certain that no 
currents of fundamental frequency are circulating in 
the galvanometer circuit. This is in contrast to the 
other forms of detector which are not sensitive to 
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currents in quadrature with the phase of their exciting 
current or with the phase of the rectifymg brushes. 
While the vibration galvanometer balances the funda- 
mental components of the voltages produced by the 
primary and secondary currents in the transformer, any 
serious distortion of the wave form by the transformer 
is indicated by a blurring of the image of the lamp 
filament as reflected from the galvanometer mirror. 
No auxiliary source of voltage is required when the 
vibration galvanometer is used. 

On the other hand, such galvanometers are mechani- 
cally rather delicate and are sensitive to mechanical 
disturbances, such as are caused by moving machinery 
in other parts of the building, so that they must be 
mounted on some type of vibration-free platform. 
Furthermore, very high sensitivity is only available 
over the particular narrow band of frequency to which 
they are tuned, and they are therefore not at all suitable 
for use where the frequency of the test circuit is liable 
to fluctuation. Another disadvantage in the use of a 
vibration galvanometer is that the observer cannot 
tell from its indications whether an observed lack of 
balance is due to the incorrect setting of resistance 
or of inductance. This objection is, however, more 
theoretical than actual since a relatively small amount 
of practise enables the observer to judge, by the rate at 
which the deflection of. the galvanometer varies with 
the motion of his control handles, which variable 
requires adjustment; and the time required to obtain 
a balance with the vibration galvanometer is probably 
less than with the other types of instrument. 

The separately excited electrodynamometer (26, 28) 
can be made amply sensitive for absolute methods of 
current transformer testing by using an instrument of 
the suspension type. With it the methods can be used 
in which the phase angle of the transformer is obtained 
by reading the deflection of the instrument when it is 
excited in quadrature with the primary current. 
When excited in one phase it is of course sensitive 
only to lack of balance in that phase, and the observer 
knows instantly which control to adjust. The direction 
of the deflection also indicates in which direction the 
adjustment should be made. 

On the other hand, this instrument requires an 
auxiliary polyphase source of voltage for exciting its 
fixed coil, and in most methods it requires a phase 
shifting device for adjusting the phase of its auxiliary 
voltage. When it is used to measure phase angle 
by its deflection, it must be calibrated by some 
auxiliary circuit. 

The separately-excited quadrant electrometer (Zo, 
33) is very similar in its functions to the electrodynamo- 
meter, ahd is used to a considerable extent in Europe 
where such instruments are used in other branches of 
instrument testing work. So far as the author is aware 
it has not been used in this country for transformer 
testing. In order to obtain sufficient sensitivity for 
current transformer testing, the instrument has to be of 
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a highly refined and sensitive type, and is suitable for 
use only under the best laboratory conditions. 


SUPPLY OF CURRENT 


Any testing equipment for current transformers 
must be able to supply the full-rated primary current 
to the transformer. Since it is usually undesirable to 
draw such a large current from the 110-volt supply 
available in the laboratory, a stepdown transformer 
is generally used. For this purpose it is sometimes 
feasible to use an additional current transformer 
supplied on its 5-ampere winding and delivering heavy 
current through what was intended to be its primary 
winding. In tests by the relative method in the field 
where it is possible to connect the two transformers in 
series by connecting the standard transformer across 
a disconnecting switch or some other gap in the line, 
it is quite feasible to use the actual load on the circuit 
as a source of primary current. Moderate fluetuations 
in this current will not seriously interfere with the 
measurement since the relative ratio and phase angle 
of the transformers change only slightly for a con- 
siderable change in operating current. 

The wave form of the supply circuit is not of much 
importance because most current transformers re- 
produce very faithfully, in their secondary, even a very 
distorted primary current wave, consequently the 
ratio of the fundamental components of the currents 
is very nearly the same as the ratio of the root-mean- 
square values, and tests by the various methods de- 
scribed in this paper give substantially the same 
results. It is usually convenient to read the current 
in the transformers by means of an ammeter in the 
secondary circuit. Because of the small deflection of 
a-c. ammeters on low currents, however, it is often 
desirable to insert an ammeter in the primary circuit 
to measure the current when the secondary current 
is one ampere or less. 


The low resistance of the primary circuit which 
carries the heavy current and the appreciable re- 
actance of the primary windings of the transformers 
combine to produce a considerable phase shift in the 
primary current as compared with the source of 
voltage which supplies the stepdown transformer. 
For this reason it is very desirable to employ some 
form of phase-shifting device so that the auxiliary 
voltages used in exciting the detector instruments 
can be adjusted to be in phase or in quadrature respect- 
ively with the primary current. Such a shift of phase 
is essential in cases where the phase angle is determined 
by reading the deflection of the electrodynamometer 
instrument, or in cases where the test is used to give 
the combination of ratio and phase angle corresponding 
to the effective ratio of the transformer on a circuit 
of specified power factor. In the null method the 
need for a phase shifter is not so urgent but nevertheless 
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it adds greatly to the convenience and speed of 


operation. 
Brooks Type TRANSFORMER 


The methods which have been discussed above are 
directly applicable only to transformers of the usual 
type with single primary and secondary windings. 
When used with compensated transformers of the 
Brooks type (8) certain modifications are necessary. 
These transformers have both a main and an auxiliary 
secondary coil and the method of test must be such as 
to compare the vector sum of the currents in the two 
secondary coils with the primary current, or with the 
secondary current of a standard transformer. 


The resistance method can easily be modified by 
inserting into the detector circuit the voltage drop 
across a third shunt, which is connected in series with 
the auxiliary coil of the Brooks transformer. Since 
under normal conditions the current supplied by .the 
auxiliary coil is only a small fraction of the main 
secondary current, the third shunt need not be ad- 
justed to have precisely the same resistance as the main 
secondary shunt, but may be left at the nominal value 
of the latter. 

The interchanged watthour meter and differential 
wattmeter methods can be applied to a Brooks trans- 
former if the instruments used are provided with an 
additional winding to receive the auxiliary coil current. 
Care must, however, be exercised to avoid introducing 
an excessive mutual inductance within the instrument 
between the main and auxiliary secondary coils since 
this will affect the performance of the transformer. 
This effect of mutual inductance is probably sufficient 
to make the Baker test ring method inapplicable for 
such transformers. 


The bridge circuit method can be applied to the 
Brooks type transformer by connecting the auxiliary 
coil directly across the terminals of the detector. 
Since the e. m. f. across the detector is small this does 
not seriously affect the operation of the transformer. 
Trouble arises, however, in the null bridge method 
if there is any contact resistance at the slide wire since 
the I R drop of the auxiliary current flowing through 
this contact is likely to affect the detector indications. 
This source of error can be avoided by using a detector 
which has an additional coil magnetically equivalent 
to that used as the “bridge” but insulated from it. 
Even with this modification the null bridge method 
does not measure the true effective ratio of the Brooks 
transformer with rigorous accuracy. The errors, how- 
ever, are very small since they involve the product of 
the small percentage difference of the transformers 
under comparison, multiplied by the small percentage 
compensation that the auxiliary coil supplies to the 
main secondary coils. 


The fact that transformers of this type have such 
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very small ratio and phase-angle errors over a wide 
range of current renders them very useful as standards 
for use with the relative testing methods. 


MISCELLANEOUS AND INDIRECT METHODS 


In addition to the direct methods of measurement 
described above, certain others have been suggested as 
being of value in special cases. For instance an a-c. 
potentiometer (14) may be used to measure separately 
the voltage drops across the shunts as used in the 
resistance method, and the resulting triangle of 
vectors can be solved to give the ratio and phase angle. 
A power-factor-meter or phase-meter (15) can be used 
to measure the phase of the primary and secondary 
currents respectively with respect to a polyphase volt- 
age system, and the difference gives the phase angle of 
the transformer. Suitable modification of the instru- 
ment may be made so that the pointer magnifies the 
angular displacement by a factor of 5 or more. 

In the case of transformers of very large primary 
current rating it is sometimes necessary to resort to the 
indirect process of measuring the magnetizing and core 
loss components of the exciting current of the trans- 
former arid computing the ratio and phase angle of the 
transformer from these data (5). Numerous formulas 
are available (2, 5, 18, 21, 22, 27) for making this com- 
putation, but the results are liable to considerable error 
because of lack of knowledge of the leakage reactance 
of the secondary winding. The presence of this react- 
ance makes the terminal secondary voltage of the trans- 
former when in normal operation differ materially from 
the induced voltage due to the core flux; and thus makes 
it difficult to determine at what flux density the trans- 
former normally operates. In cases of this kind it is 
usually preferable to insert a number of primary turns, 
and thus reduce the primary current rating for the 
purpose of the test. 

SUMMARY 


The foregoing survey of the available methods shows 
that the two-ammeter and. two-wattmeter methods 
are the simplest and least accurate. The relative 
methods all combine considerable accuracy with fairly 
simple and rugged apparatus, and are probably to be 
preferred (1) for testing in the field or station where 
laboratory facilities are limited and (2) for production 
tests where large numbers of transformers of the same 
nominal ratio are to be inspected. The balanced abso- 
lutemethods are of the highest accuracy but are appli- 
cable mainly in the laboratories of government and 
educational institutions and of the large manufacturers 
and central stations where they can be applied to the 
testing of transformers which are later to be used as 
standards for some relative method. 
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A WATER-COOLED X-RAY TUBE 


A new water-cooled, high voltage, X-Ray tube, 
developed by Dr. W. D. Coolidge of the General Elec- 
tric research laboratory, has received a hearty medical 
endorsement, following a thorough trial in cancer treat- 
ment by Dr. James T. Case, a prominent X-Ray special- 
ist of Battle Creek, Michigan. Doctor Case installed 
one of these tubes in the radiotherapy department of 
the Battle Creek Sanitarium in the summer of 1923, 
where a large series of animal experiments was under- 
taken. Since the first of August, 1923, all the clinical 
material requiring roentgenotherapy at that institu- 
tion was handled with the new tube. . 

Radiation from X-Ray tubes has been, for many 
years, used in cancer treatment. For some time these 
tubes were of comparatively low output and their suc- 
cessful use was confined to the treatment of tumors 
not too deeply seated. The development of the original 
Coolidge tube gave the X-Ray specialist a much more 
powerful tube and, in 1921, Dr. Coolidge brought 
out a new design capable of operating at higher voltage 
(200,000 volts maximum), which, because it gave radia- 
tions of shorter wave length and consequently greater 
penetration was more adapted for treating deep-seated 
cancer. 

But even with this tube, with a power output of 
more than a kilowatt, the treatment for cancer was long 
and tedious, the patient being forced to remain still 
for sometimes three hours or more—often in uncom- 
fortable positions—and it therefore seemed desirable to 
develop a tube with a still higher power output, in 
order to shorten the time for treatment. To bring this 
about, Dr. Coolidge devoted himself to the development 
of an X-Ray tube for this purpose, of a greater power 
than any hitherto known. By increasing the voltage 
and the current through the tube, he knew that the 
intensity of the rays would be correspondingly increased. 
The problem was to design and produce a tube capable’ 
of carrying continuously a greatly increased load. 

Accordingly, after some time devoted to experiments 
and research work, he first produced a tube with an 
anode or target made of a large flat plate of tungsten 
with sufficient surface to radiate continuously the energy 
absorbed when the tube was operated at 30 milli- 
amperes and 200,000 volts. The tube was operated in 
an oil bath, which was water-cooled. It was described 
in a paper read before the Radiological Society of 
North America in December, 1922. But, although this 
new tube gave about four times the output of prior 
tubes, Dr. Coolidge continued his work until he had 
developed a still more powerful tube (250,000 volts, 
50 milliamperes), again multiplying the output by four 
or, in other words, having an X-Ray output about fif- 
teen times that of the tubes then in use for cancer 
treatment. 

The new tube is equipped with a water-cooled anode, 
a seamless metal tube being utilized to conduct the 
water in and out of the X-Ray tube. 
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I. INTRODUCTION 


ITH the growth of radio broadcasting and the 

development of public address systems, the 

electric loud speaker has come to be an appara- 
tus of general interest. A very important part of a 
loud speaker is its horn, which when properly designed 
can greatly increase the acoustic power delivered, and 
goa long way towards minimizing the distortions arising 
from the inherent inertia and stiffness of the moving 
parts of the receiver. The purpose of this paper is to 
discuss the function of the horn, and how it should be 
proportioned to best perform this function. 


For perfect reproduction from a loud speaker two 
requirements must be met: (1) a current of a given 
frequency must produce sound of that frequency and 
that frequency only; and (2) the power radiated in the 
form of sound must be proportional to the square of 
the current independent of frequency. This assumes 
that the available current is an exact reproduction of 
the pressure of sound applied to the microphone. 


Several things are responsible for the introduction of 
extraneous frequencies. (1) If the diaphragm is 
insufficiently damped, the transient in the building up 
of vibrations will always contain the frequencies cor- 
responding to the free vibrations of the system. This 
is readily eliminated by damping. (2) Double fre- 
quency may be introduced if the alternating variations 
of flux are not small compared to the permanent flux. 
This is made negligible by employing strong permanent 
fields. Modern balanced magnetic constructions of 
receiver elements were devised principally to provide 
for a large permanent flux without increasing the mass 
of the vibrating system excessively. (8) If the dia- 
phragm deflections are large, extraneous frequencies will 
be introduced because of the non-linear characteristics 
as to restoring force and magnetic pull. Proper design 
of the horn will allow ample sound radiation with small 
diaphragm displacement and thus overcome this 
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difficulty. So the first requirement for perfect repro- 
duction may be closely approached. 

The second requirement for perfect reproduction, 
that of a uniform response characteristic over the acoustic 
frequency range, can not be met with present day re- 
ceiver elements. Variations in acoustic power of the 
order of ten to one between 200 and 4000 cycles are 
not noticed by the ear, however, and the departure from 
a uniform response can be kept within this range by 
proper design of the horn. 

Contrary to the prevalent conception, the horn does 
not merely gather up the sound energy from the receiver 
and concentrate it in certain directions. Its relation 
to the diaphragm is much more intimate. It causes 
an actual increase in the load on the diaphragm, making 
it advance against a greater air pressure, and withdraw 
from a greater opposing 1arefaction. Anyone can 
assure himself that the average sound energy in a room 
is greatly reduced on removing the horn from a good 
loud speaker. And frequently when the horn is 
removed the amplitude of vibration of the diaphragm 
becomes so great that it strikes against the pole pieces. 
A receiver element without a horn is analogous to a 
motor without a connected load; or better yet, a re- 
ceiver element without a horn is like a closed oscillation 
circuit from which little radiation takes place (radiation 
resistance zero); while with a horn it is like an open 
oscillation circuit with an antenna (radiation resistance 
considerable). The horn is the antenna of the loud 
speaker. 

In order to load, a horn need not resonate. Reso- 
nances of course increase the loading at certain fre- 
quencies, but cannot be made to provide uniform load- 
ing over a wide range of frequencies. That a horn can 
load without resonating is shown by the increase in 
sound radiation at the high frequencies where air 
column resonances are of small intensity. Resonances 
in the horn due both to material vibration and air 
column vibration being undesirable because of the 
distortion they produce, and being entirely unnecessary, 
should be reduced to a minimum. ; 
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Proceeding now to the detailed consideration of the 
function and design of horns for loud speakers we may 
set down three requisites. 


1. A given applied force acting on the diaphragm 


must cause the air at the throat of the horn to have a 


nearly uniform velocity over the acoustic frequency 
range. Proper design of the air chamber above the 
diaphragm and the initial area of the horn will bring 
this about. 

2. The area of the mouth of the horn must be such 
that only a small part of the sound is reflected back at 
that point, because reflections cause air column 
resonances. 

3. The law of increase and the rapidity of increase 
of section must be such that: 

(a) The most complete propagation of sound energy 
shall take place, and 

(b) Fora given air velocity at the throat, the power 
shall be nearly constant as the frequency is varied. 
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As we have indicated above, the horn is a radiator of 
the power which it causes the diaphragm to deliver. 
We may, therefore, well begin by considering the 
simplest sound radiating system, namely, a uniform 
straight tube infinitely long in one direction. Any air 
disturbance at the end of such a tube is propagated 
unchanged along the tube. In Fig. 1 suppose the piston 
is moved to the right. The air immediately ahead is 
given a velocity. Because of the elasticity of the air it 
is also compressed in the region next to the piston. 
Suppose the piston is stopped. There is now a region 
of pressure and in that region the air has a velocity to 
the right. The volumetric rate of flow of air into the 
region just ahead is greater than the volumetric rate cf 
flow out, and so the pressure there rises. As long as the 
pressure behind is greater than the pressure ahead, the 
air ahead will be accelerated. When the two pressures 
become equal there will be no further acceleration. As 
the air ahead reaches a higher pressure the air behind 
will be retarded, and will finally reach a condition of zero 
velocity and normal pressure. Pressure and velocity 
are thus propagated along the tube. That propagation 
takes place in only one direction is shown by the fact 
that the velocity of the air is always in one direction, 
and that pressure can rise only when air is flowing into 
a region faster than it is flowing out. If the piston is 
moved to the left the propagation of disturbance will 
be in the same direction, but the pressure and velocity 
of the air will be reversed. 

From this discussion it is seen that in a traveling 
sound wave, pressure and velocity are associated 
together in time and space phase. Neither can exist 
without the other. If P is the increase in pressure 
above atmospheric at any point, and the average air 
velocity at the same point and at the same time is 2, 
P = (pa) », where p is the density of air, a is the 
velocity of sound in air, c.g. 5. units being used. 


THROAT AREA AND DIAPHRAGM CHAMBER VOLUME 


HANNA AND SLEPIAN: DESIGN OF HORNS FOR LOUD SPEAKERS 


251 


Suppose in place of the piston there is a diaphragm 
as in Fig. 2, and for simplicity assume that every part 
of it vibrates through the same distance. If when it 
vibrates the air is given a velocity v at a certain instant,- 
the total reaction force over the face of the diaphragm 
will be that due to the developed pressure, so that 

Pte PA ="(p a)? As. 

If the initial construction of the loud speaker were 
made in this way it would not be possible to make this © 
force comparable with the stiffness and inertia forces 
of the diaphragm at the low and high frequencies, 
respectively. Hence the motion of the diaphragm 
would be determined almost entirely by its own mass 
and stiffness, and its motion at its resonant frequency 
would far exceed that at other frequencies. Hence, 
also, the power radiated at the resonant frequency 
would greatly exceed that at other frequencies. 

Suppose the arrangement is changed to that of Fig. 
3. Here a small velocity of the diaphragm gives the 
air in the tube a large velocity and much higher pres- 
sures are therefore developed. Thus this arrangement, 
by the principle of the hydraulic press, increases the 
reaction force on the diaghragm so that it may be 


Fig. 1 
| Ay . 
Fig. 2 
ae a 
Ao Fig. 3 
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made comparable to the stiffness and inertia forces of 
the diaphragm. 

An approximate formula for determining the quantity 
known as acoustic damping will now be derived. If 
in Fig. 3 the edge of the diaphragm is clamped and F’ 
is the single force acting at the centre of the diaphragm 
which is equivalent to the total pressure reacting on it, 

F = (A,/3) P approximately. 

Assuming that when the diaphragm vibrates with 
velocity, u, the volumetric rate of displacement of 
air is, Aa/3 u, the velocity of air in the tube, assuming 
all the displaced air gets into the tube will be, 


MUS et Aa/3 u/Ao- 
From the relation between P and 2, 
a : 
F = Sai (Ag/Ao) u 


Acoustic damping will be defined as equivalent reaction 
force per unit diaphragm velocity 


On eae il a= ao A @/Ao 


In appendix II a, is determined more accurately, but 
for the present this formula will be used to illustrate 
the point. 
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That a large value of a, is desirable may be shown as 
follows. If 8) and m are the diaphragm stiffness and 
mass respectively, and a» the internal damping, 


force 


WAH a.) Sj (am = Bol @) 


where, 


a is the frequency of the sinusoidal force driving 
T 


the diaphragm. This is analogous to the equation for 
current in an electrical circuit, 


@:m. t: 


{ = 


(Ry + RB.) +5 ( @L- 


1 ) , where, 
wC 


- 


R, is the internal resistance of the generator and R, 
the load resistance, L and C being series inductance and 
capacitance. In the electrical case the power dissi- 
pated in the load is 

Weeaielia. 
Similarly in the acoustic case 

W = wu? a. 


w 


Fig. 5—D1aPpHRAGM 
RESONANCE 


If a, is zero y plotted against w will be as shown in Fig. 
4a. Theradiated power willbe zero. If a, is increased 
u will be as in Fig. 48—lower at resonance but about the 
same at the extreme frequencies. In this case W will 
be asin curve 5B. Now let a, be increased still further. 
The velocity u becomes as in 4c, and the radiated power 
asin5c. A more uniform radiation of power is secured 
over the frequency range, and yet the average over the 
range is about the same. 

From the simple formula for acoustic damping it is 


seen that to increase it we must decrease Ay. Two 
effects give a lower limit to Ay, however. First fric- 
tional losses in small tubes become great. Second, if 


the throat is made very small the air instead of being 
forced out into the tube will be compressed in the 
chamber above the diaphragm. To prevent this the 
chamber volume must be decreased, and there is a 
physical limitation here. 

Neglecting frictional losses it is shown in appendix 
II, that if the radiated power at two extreme frequen- 


; Wy We, ; 
cles an and en 2 is to be 1/n times that at resonance 
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ae , the area of the throat of the horn and the 
wT ; 


volume of the chamber above the diaphragm are deter- 
mined by, 


0) Ad? Wy 
= Se ee 
ho eng ae Bo 
Vo — Ay 
@),4 a Ww? 9” 
pa 


Oe we wo) 


ve i 
W1 We? (- bin N tt 
Po a/n—1 n—-1 


The following sample calculation will show relative 


values. Assume 
A pet iby em 
Bo = 20 * 10° dynes/cm. 
(Oy 20 x 200 
w, = 27 X 1000 
We = 27 X 4000 
nm =10 


Substituting in the formulas, 
@ = 0.2075 em.” 
lf circular in section, the diameter, 
d, = 0.514 em. = 0.202 in. 
Vo = 0.258 cm.’ 
These values of Ay and V, are much smaller than have 
been used heretofore. 

The fact that greater-acoustic damping is provided 
by horns having small throat areas, means that the 
same sound radiation takes place with smaller dia- 
phragm velocities, and hence smaller diaphragm de- 
flections.- This will prevent the introduction of 


extraneous frequencies due to non-linear characteris- — 


tics of large deflections. 


III. FINAL OPENING OR MOUTH OF HORN 


The infinite straight tube which we have just been 
considering loads the diaphragm, and conducts away 
the resulting acoustic power. It does not, however, 
communicate this power to surrounding space, and 
thereby fails to fulfill completely the function of a 
horn. Evidently the tube must be made to open up 
into the atmosphere. We are thus led to consider what 
happens at the open end of a finite tube. 

Consider a half wave length of sound, in which there 
is positive pressure and forward velocity traveling 
along the tube. While progressing within the tube it 
is uniformly confined and occupies a constant volume. 
Hence the pressure and velocity in it remain constant. 
As it leaves the open end of the tube, however, it ex- 
pands into an approximately hemispherical shape, 
Fig. 6A. There is thus an increase in the volume 
occupied by the wave as it leaves the tube. Evidently 
a fall in pressure must result. But if the pressure just 
outside the tube remains lower than that within the 
tube, the velocity of the air just within the tube will be 
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increased; this causes the pressure just behind to de- 
crease, and the velocity to increase, and so we have 
produced a wave traveling back in the tube, which near 
the open end reduces the pressure and increases the 
velocity in the oncoming wave. This is the familiar 
phenomenon of reflection. 

The reflected wave not only represents power which 
does not get out into the air but, depending on the phase 
in which it reaches the diaphragm, it may produce 
resonance or dissonance. Obviously the less intense 
the reflection is, the less marked will be the resonance 
or dissonance. 


It is now easy to see what influence the size of the 
final opening of the tube has upon the intensity of the 
reflection. It is evident from Fig. 6A that the larger 
the section of the tube is, the less will be the relative 
increase in volume occupied by a half wave length 
just within and just without the tube, and therefore 
the less intense will be the reflection. For wave 
lengths which are less than the diameter of the tube, 
Fig. 6B, the increase in. volume on passing out of the 
tube is slight, and therefore the reflection is negligible; 
but for wave lengths which are greater than the tube 
diameter, Fig. 6A, the increase in volume becomes 
considerable, and the reflection becomes appreciable. 


Thus a horn, to transmit a 500-cycle wave with wave 
length 68.8 cm. to the atmosphere without reflection 
would need to have a final opening of diameter about 
70 cm. 


For many purposes this is an inconveniently large 
diameter, and it is therefore interesting to determine 


Fig. 6—ILLUSTRATING REFLECTION 


how much is sacrificed by using a smaller final opening. 
An approximate calculation for wave lengths greater 
than the tube diameter is easily made. 

Let P,, P, and — P, be the pressure in the oncoming, 
transmitted and. reflected waves, respectively. The 
excess of air in the oncoming half wave length which 
causes the rise of pressure P; is passed on into the trans- 
mitted half wave length causing a rise of pressure there. 
The reflected half wave length, with its negative pres- 
sure also draws air out of the tube and into the trans- 
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‘or mouth of the horn must be large. 
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mitted hemispherical half wave length. This mass of 
air which is taken from the half wave leagth within 
the tube and transferred to the half wave length out- 
side the tube, causes a reduction in pressure within 
equal to P; + P,, and an increase of pressure outside 
equal to P:. Since these two pressure changes are 
inversely proportional to the volumes involved, we have 
P,+P, 2/3 m (A/2)3 
P, sige ee 1/6 d2/r,,, where 


\ is the wave length, and 
7,18 the radius of tube. 
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Fig. 6c—VAaRIATION OF REFLECTION 


Furthermore, P, = P,— P,, so that finally, 
Mw 6r? 


be dw + 6r7? Ps 


If \ = 68.8 cm. corresponding to 500 cycles and ry 
a N/A) (7.em. 
1 — 6/16 


ath arr 


In Appendix IV an approximate determination of 
reflections is given for the exponential horn in which 
the area at any distance x from the small end is given by 

Ata Ane” 
where B is a constant which determines the rate of 
increase. The curves of (Fig. 6c) show how the 
reflection varies for different values of w B, and final 
radius r; of the horn. These curves also indicate that 
the larger the final radius and the higher the frequency, 
the less the reflection. 


IV. SHAPE OF HORN 


We have now shown that to load the diaphragm 
effectively the initial opening or throat of the horn must 
be small, and to communicate the resulting acoustic 
power effectively to the atmosphere, the final opening 
We must now 
consider how these two extremities are to be joined; 
what the length of the horn should be, and according 
to what law the section should increase. 

Consider a uniform straight tube which at a certain 
point opens up abruptly into a second uniform straight 
tube of larger section. A sound wave in the first 
tube propagates in the simple manner described under 
section II. At the point of sudden change of section 
more complicated conditions appear, but beyond this 
point, in the second tube, simple propagation again 
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takes place. As is well known, the ultimate result of 
the discontinuity is a reflection, which reduces the 
energy which passes on to the second tube. Further- 
more, the magnitude of this reflection is proportional 
to the relative increase in section at the point of discon- 


A,— Ai 


tinuity, that is to ay , Ai and A, being the 
1 


sectional areas of the tubes respectively. We may 
then say that the departure from simple propaga- 
tion is proportional to the relative increase in section. 
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Fic. 8—VARIATION OF LOADING IN 
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Fic. 7—DIscontTinuiInG 
IN STRAIGHT TUBE 


Returning now to the horn, with continuously in- 
creasing section, it seems fairly reasonable to suppose 
that at each point, the departure from simple propaga- 
tion will depend on the relative increase in section per 
unit length, that is to 1/A ~ The initial and final 
section areas having been determined, the total rela- 
tive increase in area is prescribed. All this being 
granted, it seems entirely reasonable to suppose that 
the best horn will be one in which this relative increase 
in area is uniformly distributed over its whole length, 
rather than one in which the relative increase in area 
is large at some points and small at others. Thus we 


dA 
conclude that for the best horn, 1/A TEN is constant 
along its length. To have this property, the sectional 
area must increase exponentially with the length, that 
is 
A rae Gat 

We may give a more quantitative turn to this argu- 
ment as follows. Consider two discontinuities in a 
straight tube as shown in Fig. 7, the areas of the three 
sections being Ai, A. and A;. A wave having air 
velocity 7, in passing from A, into A, is partially re- 


flected. Let v;, be the velocity in the reflected wave - 


and v, be the velocity in the transmitted wave. Simi- 
larly in passing from A, into A; let v», be the velocity 
in the reflected wave and v; the velocity in the trans- 
mitted wave. Let P with the corresponding subscripts 
represent the pressures associated with each of these 
velocities. 


A» V2 = A,v,— Ai, 
A; V3 = A>» hy — A» Vor 
P, Sy cabs ay ete 
P; = P2+ Py 
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Because of the constant ratio of pressure to velocity 
in straight tubes, the last two equations become 

Vo = Vy + Vie 

V3 = Vo + Ver 
From these four equations we may eliminate v1,, V2 
and v», and obtain ; 

4 Ay ‘AG 

Tad Ap ee 
If v,, A, and A; are fixed, v; will be maximum, if 

A» = JV A, x As 
This again leads to the exponential horn. 

In Appendix III, with certain approximations, the 
characteristics of the exponential horn are determined 
analytically. Pressure and velocity have the same 
absolute ratio as in the straight tube; but are out of 
phase by an angle whose cosine is a function of w/B. 
Curve Fig. 8 shows the plot of this cosine. It ap- 
proaches unity (or the straight tube radiation charac- 
teristic) if w is large enough or B small enough. In 
section I it was shown that a sufficiently uniform power 
radiation characteristic could be obtained with the 
straight tube if its section were made small compared 
to the area of the diaphragm. . With the exponential 
horn having the same throat area, neglecting reflec- 
tions at the open end, the power will differ from that 
of the straight tube by the cosine of the angle between 
pressure and velocity. Since this cosine begins to 
fall off rapidly below 

w/B = 27oec 
if the radiation is to be uniform down to 200 cycles, 
corresponding to w = 1257, B must be less than 


1257 
2.0 LOE 


or approximately 0.05. This value of B 


gives a horn which opens up very slowly. Since the 
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Fia. 9—ComPparIson oF LOADING OF HXPONENTIAL 
AND ConicaL Horns 


initial area must be small and the final area reasonably 
large, this small value of B will result in a long horn. 

The superior radiating power of the exponential horn 
is well brought out by comparing it with a conical horn 
of the same initial and final areas and the same length. 
Assuming circular sections, let the 


initial section radius, yo = 0.254 em. 
final e © 4, =. 14) 3.cor 
length /. = 115ecm. 


For the exponential horn, this gives B = 0.07. The 
conical horn will have an angle whose sine is 0.122. 
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From the equations given in Appendix III, the power 
propagated at various frequencies for a given velocity 
in the throat may be calculated. The results are shown 
in Fig. 9, expressed in per cent of the power for high 
frequencies which is the same for the two horns. This 
is a positive indication of the advantage of the exponen- 
tial horn over the conical. 


V. EXPERIMENTAL WORK 


In the experiments to be described, the several horns 
shown in the photograph (Fig. 10) were arranged so 
that a receiver element could be quickly transferred 
from one to another for comparison. Horn No. 1 is 
a pyramid 41% feet long, with initial and final areas 
0.0315 and 324 square inches respectively. Horn No. 
2 is an exponential horn of the same terminal areas and 
about the same length. The percentage increase in 
area per inch is about 20, corresponding to B = 0.07 
for centimeter units of length. The lower part of this 
horn may be removed or replaced by the straight 
extension of diameter 114 in. and the same length 
shown to the right. Horn No. 8 is an exponential 
horn having the same initial and final areas as horn 
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No. 2, but the percentage increase per inch is about 35, 
corresponding to B = 0.12. 

Experiment I. To compare the loading of conical 
and exponential horns. Horns 1 and 2 as shown were 
compared. A receiver having a resonance at 2200 
cycles was connected to ans audio frequency oscillator. 
At frequencies below 1500 cycles or above 3000 cycles, 
it is assumed that the addition of a horn will not 
materially alter the velocity of the diaphragm. Under 
such circumstances, the horn having the greatest 
value of acoustic damping will radiate the most sound. 

At each frequency the receiver was placed first on 
one horn and then on the other. From 250 to 500 
cycles the response of the conical horn was weak, while 
the exponential was very strong. As the frequency 
was raised the response of the conical increased. Above 
3000 cycles the difference was much less marked, being 
only slightly in favor of the exponential. This test 
substantiates the curves of Fig. 9. 

Experiment II, To compare exponential horns 
having different rates of increase. Horns 2 and 3 as 
shown were compared. Using the same receiver, and 
gradually lowering the frequency from 1000 cycles, 


HANNA AND SLEPIAN: DESIGN 


OF HORNS FOR LOUD SPEAKERS 255 
the two horns radiated nearly equally until about 350 
cycles frequency was reached. At this point the 
response from horn No. 8 fell off abruptly and remained 
low down to 250 cycles, the lowest frequency of the 
oscillator used. The quantity w/B for the small horn 
at 350 cycles is 18,300. This value of w/B corresponds 
closely to the point on curve of Fig. 8 where the loading 
falls off. ; 

Experiment III. To determine the effect of chang- 
ing the initial opening, keeping the rate of increase 
the same. Horn No. 2 was used with and without 
the lower part. A receiver having its diaphragm 
resonance at 500 cycles was employed. Below and 
above resonance the response was much greater using 
the extension. At resonance the rattle and blasting 
produced without the extension was entirely eliminated 
with the extension. These results indicate greater 
loading with the extension. 


Experiment IV. To show that increase in loading 
in Experiment III was due to reduction of area and not 
to increased length. The upper part of horn No. 2 
was used with and without the straight section shown 
to the right; and then first with the straight extension 
and then with the exponential extension. Very little 
difference was noticed with and without the straight 
section. About the same response was observed below 
and above resonance and the same blasting at 
resonance. 

Comparing the horn first with the straight extension 
and then with the exponential extension gave results 
similar to those of Experiment III, indicating that the 
addition of the straight part did not increase the 
loading. 

Wah, 


The following are major points in the function and 
design of horns for loud speakers. 

1. The purpose of the horn is to load the diaphragm, 
and to radiate the power which it causes the diaphragm 
to deliver. Great loading is required in order to smooth 
out diaphragm resonances; and to allow ample sound 
radiation with small diaphragm velocities, thereby 
reducing extraneous frequencies introduced when dia- 
phragm displacements are beyond the range of linear 
characteristics. 

2. The exponential horn in all probability provides 
greater loading than any other horn having the same 
length and terminal dimensions. Experiment I con- 
firms this in the case of the conical horn. 

2. The maximum loading of an exponential horn on 
a given receiver is determined entirely by its initial 
area, the loading increasing with decrease in area until 
friction beings to play an important part. Thisassumes 
that the chamber volume above the diaphragm is 
small so that most of the air is forced out into the horn 
instead of being compressed in the chamber. Experi- 
ments III and IV show that decreasing the throat area 
increases the loading. Experiment II shows that 
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above a certain frequency, two horns having different 
rates of increase but the same initial area will provide 
the same loading. 

4. The uniformity of loading of an exponential horn 
is determined by its rapidity of increase in section, the 
less the rate of increase, the more uniform the loading. 
Uniform loading may be expected down to the fre- 
quency where w/B = 2.5 X 10* approximately. Ex- 
periment II showed that when w/B was reduced to 
1.8 X 10‘ the loading fell off considerably. 

5. The larger the final opening, the less pronounced 
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will be the horn resonances. The intensity of reso- 
nances decreases with increase of frequency. It has 
been found that, in exponential horns, the resonances 
are hardly noticeable above the frequency when the 
horn begins to load if the final section is over 14 in. 
in diameter. 

In loud speakers with horns designed according to 
the data contained in this paper, the reproduction of 
music is not just pleasing but close to the original, and 
the reproduction of voice is not only intelligible but 
natural. 


Discussion at Pacific Coast Convention 


MECHANICAL ELECTRICAL CONSTRUCTION OF 
MODERN POWER TRANSMISSION LINES—INSULA- 
TORS FOR HIGH-VOLTAGE LINES! 
(CARLSON AND Battery), 

SPECIAL FEATURES IN THE DESIGN OF TRANS- 
MISSION TOWER LINES AS IMPOSED BY 
ELECTRICAL CONDITIONS’ (Dreyer), 

DEL Monte, Cau., OcroserR 3, 1923. 


E. V.! Pannell: Mr. Dreyer, on the fourth page of his paper, 
makes’ particular reference to the matter of excessive swinging 
of insulator strings where the vertical loading disappears. On 
the subject of dangerous swing of insulators where the horizontal 
load is unbalanced, the facts seem to show that the tie-down 
string is somewhat unsatisfactory, but Mr. Dreyer makes no 
mention®of the possibility of using weights and I would like to 
know whether he has made any experiments in this respect. 
The use of a weight in place of a tie-down string has the ad- 
vantages that a vertical component is provided at the same 
time the flexible characteristics of the line are not impaired and 
the arrangement would seem to be inherently superior to im- 
posing dead-end stresses on a point which is not designed as a 
dead-end. In several installations in this country weights are 
being used instead of tie-downs and I also know of work in Japan 
where weights have superseded tie-downs with greater satis- 
faction. It is necessary, of course, that clearances shall not be 
impaired but if this condition is satisfied I believe weights will 
be found the most satisfactory device. 


H. Michener: On the Big Creek lines, consideration was 
given to the use of weights instead of tie-downs; it was finally 
decided that it took too many tons of cast iron. The tie-down 
strings on the Big Creek lines have given no more trouble than 
any other strings on the line, so we do not feel that they are a 
great hazard. j 

R. J. C. Wood: It seems to me that we may go too far in 
trying to eliminate the dead-end strings. We would like to 
get away without any of them largely on account of the cost, but 
it is a fact that ov the Big Creek lines we have had less trouble 
on the dead-end strings than on any of the others. I think the 
exact record is two cases of trouble on dead-end strings in the 
whole operation of the line. 

M. Hillebrand: 
that last statement. 

The reason for the elimination of dead-end strings, to my 
mind, holds as much today, possibly not just as much, but the 
fundamental reasons are the same as they always have been. 
That is, that the mechanical load on the dead-end string is 


I would like to ask Mr. Wood to amplify 


1,. A. I. E. E. Journat, 1923, Vol. XLII, November, p. 1126. 
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higher than elsewhere. This tends to cracking and exists to a 
greater extent in the dead-end insulator than on the suspenion 
strings. It is in order to reduce the cracking of the insulators 
that it has been so often recommended to eliminate dead-end 
strings wherever possible. 

Now, the troubles that Mr. Wood refers to, unless I am mis- 
taken, are in the nature of flashovers through the air and around 
the insulator. On the other hand, I believe it is true that 
their records show that their insulator failures on dead-ends have 
been at much higher rates than those on the suspension string. 
Is that true, Mr. Wood? 

R. J.C. Wood: Yes, it is higher. 

Mr. Hillebrand: I would like to ask Mr. Dreyer just what 
is derived from the use of a lower string tension. That is, was it 
due to a lighter tower, resulting from a lower.design in order to 
maintain a minimum clearance? 

C. B. Carlson: On the point of tension, it might be added 
that the span, as we have made it in our line, is considerably 
larger than those heretofore used. This might bring that point 
back again to a higher tension rather than lower tension. That 
is, with a greatly increased span maintaining all the time a factor 
of thirty feet from the ground as a constant, the calculations 
might revert back to an advantage towards a little higher tension 
insofar as that is concerned. 

W. Dreyer: Answering Mr. Hillebrand’s question as to how 
the lower tension affects the tower design, the towers become 
lighter and the footings become lighter, almost in direct relation 
to the movement of the loading. The product of the loads on 
the tower times their distance from the ground, approximately 
gives the law of variation in the weight of the towers. Thirty 
feet of the height of the towers is put in to take care of minimum 
ground clearance. Seven feet more is necessary to take care of 
the length of suspension insulators on 220-kv. lines, giving a total 
height of thirty-seven feet which is necessary without any con- 
sideration of conductor stress. ‘ 

In order to show how the problem would work out on a line 
of 220-kv. potential using 500,000 em. copper and insulators 
seven-ft. long, the following table comparing maximum stresses 
of 27,000 and 17,000 Ibs. per sq. inch respectively. 


Stress—Lhbs. per Sq. Inch Sag. at 
| Min. Stress 
Max. Min. Broken Wire 
(Allowing for | Span = 800 Height to 
insulator) ft. Low Wire 
27,000 19,700 15,000 16 ft 53 ft 
17,000 13,000 11,200 24 Cl S 


Using the above table as a basis, the following table shows the 
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relation between heights to ceater of applicatior of leads and 
overtureing moments for both single and double-circuit towers. 


Single-Circuit Towers Double-Circuit Towers 


Height Height 
Max. to Ratio | Ratio | Ratio to Ratio | Ratio | Ratio 
Stress | Center of of of Center of of of 


of Load Height} Load |Moment jof Load|Height| Load |Moment 


27,000%0”| 53 1.00 
17,000%0”| 61 elon 


1.00 
0.75 


1.00 68 1.00 
0.86 76 1.12 


1.00 |} 1.00 
0.75 | 0.84 


The ratio of moment, which is nearly in proportion to the ratio 
of weight of towers and size of footings, shows a saving of 14 
per cent for the single-cireuit and 16 per cent for the double- 
cireuit towers. This analysis is only approximate, but it indi- 
eates the existence of a point of economy for the stress in the 
conductor. 

Regarding the affect of torsional stresses the square tower 
is not materially affeeted in weight, the torsional stresses being 
taken care of almost entirely by the web members. 

Regarding the use of weights to prevent excessive swinging 
of insulator, as suggested by Mr. Pannell, we have given con- 
sideration to such an expedient. The objection was the addi- 
tional electrical clearances required, which would either make it 
necessary to use special towers with greater clearances for the 
particular cases involved, or else design all towers with excessive 
clearance, which would be uneconomical. 


110-Kv. TRANSMISSION LINE FOR OAK GROVE 
DEVELOPMENT OF PORTLAND RAILWAY, LIGHT 
AND POWER COMPANY' 
(WAKEMAN AND LiNss), 
TRANSMISSION LINE CONSTRUCTION IN 
CROSSING MOUNTAIN RANGES? (CrawForp), 
" Det Montes, Cat., OcToBER 3, 1923. 


R. J. C. Wood: We have encountered some little trouble in 
crossing mountain ranges in snow countries, supposedly due to 
the loss of the snow or sleet load from a span and the conductor 
coming in contact with the one above it. On the double-cireuit 
steel tower line, in question, the conductors are offset a foot anda 
half from the vertical plane of the one above it. We have had 
considerable discussion as to just what happens to cause these 
conductors to come together. One theory being that the sleet 
falls off the one span and still remaining on the adjacent span, 
the lighter span is pulled up into the one above it. 

Another theory is that the sleet falls off a portion only of a 
long span and that gives it a deformed shape sufficient to permit 
the two conductors to come together. 

The third theory is that when the sleet falls off it sets up waves 
of sufficient amplitude to produce contact. 

It will be interesting to know if anybody else has made 
observations on this subject and can give us information on just 
what happens when the sleet falls off. 

J. P. Jollyman: We do not cross any high ranges at high 
altitudes or any locations subject to extremely severe climatic 
conditions. 

Wehavchadsomesleet trouble. It has been generally thought, 
though not actually observed, that the sag in the conductors is 
greatly interfered with by the inequality in the loading of sleet. 
It is now believed that the conductors load up uniformly and 
when the sleet starts to melt the trouble begins. 

We had one interesting report where sleet accumulation on 
spans was found to slide to the lower part of the span and pile 
up in very great weight at the bottom of the span. We had one 
or two eases of trouble which indicated that. such an event had 
happened. The only precaution that has been taken in country 
known to be subject to sleet is to employ the horizontal con- 
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figuration, or to employ the displaced conductor arrangements of 
the vertical cireuit. It has been our experience thus far in 
points not subject to very heavy loading, that a 20-foot vertical 
displacement seems to be free from trouble, whereas, a 10-foot is 
not. In a. configuration using three conductors normally 
spaced ten feet apart vertically, the center conductor is displaced 
either outward or inward two or three feet and thus far it has 
been satisfactory. : 

R. J. C.. Wood: Referring to the 20-foot vertical spacing, 
what length of span is that? 

J. P. Jollyman: We would not ordinarily regard the hori- 
zontal displacement as effective in spans of, over 500 or 600 
feet. Where we have longer spans, and where we have any 
idea that sleet conditions will occur, we would feel it necessary 
to change from a vertical to a horizontal configuration, to be 
entirely safe from the difficulties attending on the unloading 
of sleet. 

W. S. Jennens: Sleet does not occur on our lines on the 
plateau or high points in the Rocky Mountain district, in which 
our system is located, but mostly in the low hills adjacent to the 
Bear River and at those points where the cold air from the other 
side of the hills strikes the moisture-laden air. The condition 
known as sleet by most of us, is not in the form of solid ice, but 
chiefly in a compact form of frost. Sometimes, of course, we 
have damp or extremely wet snow which, in falling from the 
conductors, gives us the same condition as you gentlemen know 
as “sleet-jump.” Fortunately the condition prevails mostly 
in short sections of the line and if the condition can be discovered 
in time, lines mostly concerned are taken out of service long 
enough to permit the maintenance crews to dislodge the wet 
snow by jarring the conductors. From the observation of 
these crews, we have concluded that there is no definite way in 
which the conductors act when the sleet jumps before the snow 
actually falls. We will find adjacent spans having entirely 
different appearances, one being loaded with snow, the con- 
ductors will sag down and the other span without snow, the 
conductors will be stretched tight and consequently rise. If, 
therefore, no equal loading of the conductors in the same span 
prevails, it will readily be seen that the conductors will come in 
contact with one another without the sleet having jumped. 
On the other hand, when the sleet does not let go through any 
unbalance of adjacent spans, conductors may rise in accordance: 
with their previous loaded condition, and come in contact with 
each other in the third or even in the fourth span, particularly 
if the latter be below on a hillside where the tendancy of the 
conductor is to run down towards the bottom of the slope. 
In some eases there will be a wave motion of the conductors, 
as pointed out by Mr. Wood, due to snow falling in one span and 
its jarring effect communicated to the conductors of other spans. 
The result of change of tension in the various contiguous spans 
causes the wave of the conductor to run along the line and if two 
or more conductors do not act similarly, they will come in 
contact with each other. Where they are out of step, so far as 
the wave motion is concerned, it is evident that on 130-kv. line 
that contact made thus will quickly burn the conductor through. 
We find that the conductors burn chiefly in the center of the span. 

Each year’s condition has become worse and worse, and 
during the past summer we have off-set the center conductor of 
each circuit arranged in a vertical configuration to a distance of 
approximately three feet, only however in the locations where 
previous observations have shown the sleet to have formed to any 
considerable degree. We expect in the future to complete this 
off-setting in order to eliminate the chances of failure in any 
locality throughout the length of the line. On account of the 
design of our steel tower being such that it greatly weakens the 
same if we lengthen the middle crossarm or reduces the clearance 
to ground at the tower should we shorten the arm, we have 
followed the scheme in use on the Pacific Gas & Electric Com- 
pany’s lines, using an additional string of insulators on the 
middle arm to pull the conductor towards the tower. 
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We are not certain whether our three-foot off-set is sufficient 
and would like to ask Mr. Jollyman, if, in his opinion, it is enough 
for operation at 130-kv.? 

R. H. Halpenny: On one tower line of The Southern 
Sierras Power Company, some trouble resulting from sleet on 
conductors has been experienéed, particularly at a point where 
the line crosses a mountain range at an elevation of approxi- 
mately 4000 feet. No trouble of this nature has been noticed, 
however, which could be traced to the swinging together of 
conductors when loaded with sleet, this being due possibly to the 
arrangement of conductors, which offsets the middle conductor 
of each circuit five feet from the vertical plane in which the top 
and bottom conductors lie, with a resultant normal vertical 
separation of twenty feet between top and bottom conductors. 
The longest span in this section of line is approximately 1400 feet. 

The most severe kind of trouble in this locality has been tower 
failure. Line conductors have failed due to sleet loading in a few 
instances but an excessive dead load of this nature has ordinarily 
resulted in the deformation of the cross arms or some other 
tower member. 

This trouble has been overcome to a great extent by additional 
bracing of tower members showing a tendency to fail under such 
loading, also in some cases by the addition of towers at points 
liable to be most heavily loaded. 

John B. Fisken: This discussion takes me back to the 
Vancouver Convention in 1913, at which convention the same 
subject was discussed. 'The question has been asked, and the 
desire has been expressed for actual testimony, as to what oceurs. 
I can’t of my own knowledge give any such testimony, and, 
as a general rule, I don’t always believe all that the average 
farmer says, but we have one farmer in our region who I believe 
told us the truth. He gave us, some years ago, a very full 
description of what he actually saw. The conditions were 
vertical arrangement of conductors on a two-cireuit tower line, 
the wires in vertical planes having horizontal separations of about 
six inches. He said that while he was passing the line one day, 
and this was after we had all been driven nearly crazy with the 
shutdowns, he saw the frost drop off one wire and that wire fly 
up and strike the one above it. This is not sleet loading but 
frost that forms and drops off when the day gets warmer. 
After that we separated the vertical planes of the wires hori- 
zontally by moving the top conductor in towards the tower, 
and lengthening the middle crossarm and moving the conductor 
from the tower. This gave horizontal separations between 
vertical planes through the conductors of top to center, 5 feet, 
10 inches, center to bottom 3 feet, 5 inches and top to bottom, 
2 feet, 5 inches. Since then we have had no trouble at all and I 
am satisfied that all of our troubles were due to the same thing, 
the unloading of the conductor in one span and the excessive 
weight of the adjoining spans causing it to hit the wires above it. 

Harold Michener: Referring again to the line of which 
Mr. Wood spoke—I was over it on Saturday and Sunday, last, 
trying to determine what we could. do to it. We selected a span 
about 890-ft. long that was held by suspension insulators at each 
end, calculated the load for the span with half an inch of ice, and 
concentrated one-fourth this load at the one-eighth and one- 
fourth at the three-eights points of the span. This pulled the 
center wire down about one foot below the bottom wire and 
showed that if the bottom wire should be unloaded and the center 
wire loaded, the center wire would go down into the bottom wire 
for more than three-eights of the length of the span. That was 
only an indication of what might happen in a territory where we 
had not assumed any sleet load in designing the line, and we are 
of the opinion that in the territory where the design assumptions 
include a sleet load, and, for that reason, a lower stringing 
tension, and where the spans are longer, the top wire would come 
down to the bottom wire if the top wire were loaded in one-half 
the span and the bottom wire unloaded. The vertical distance 
between top and center and bottom wires at the towers, is six 
feet, three inches. 
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H. H. Schoolfield: We have observed a very peculiar 
on one of our transmission lines which might be of 
I have never yet been able to 
Perhaps some of you 


phenomena 
interest to the engineers present. 
find a satisfactory explanation for it. 
gentlemen can enlighten me. 

We have a 66,000-volt line, with suspension insulators, and 
conductors of three-strand copper clad steel. In connection 
with this we have a seven-strand steel ground wire. There are 
several places in the line where we get frost conditions similar to 
those described by Mr. Fisken. I call it frozen fog. It builds 
up on the copper clad conductors to a considerable extent and we 
have experienced the same trouble of wires swinging together; 
the lower wire flying up and hitting the upper wire. The peculiar 
fact is that the frost does not accumulate on the steel ground 
wire. I don’t know why it is and I can’t find a satisfactory 
explanation for it, but it is a fact that the frost will build up to 
considerable extent on the copper clad conductors, but does not 
build up at all on the steel ground wire. 

L. J. Pospisil: In addition to what Mr. Fisken has said in 
regard to his experience, I want to say that in the year 1910, 
T believe it was, there was an effort made to reproduce the 
conditions, of what occurred from actual experience, by con- 
structing two spans of a sample line and reproducing the loadings 
along the conductors by means of weights, and then releasing the 
weights and observing what took place. At that time Mr. Geiser 
wrote a paper on those experiments, which I think was given at 
the Vancouver Convention in 1913. 

H. T. Plumb: The Utah and Idaho power companies have 
had some trouble with frost conditions; but along most of the 
lines it has caused no trouble. The frost referred to is a wonder- 
ful formation; it happens only in a very still valley where no 
wind is blowing; it builds up in the night, and disappears as soon 
as the sun begins to shine when it drops off. It adds considerable 
weight to the conductors, and their diameter may become four 
or even six inches. An explanation of why it might form on 
copper conductors more than on iron conductors is that the iron 
is probably smaller in diameter and the amount of growth seems 
to be dependent on the diameter of the thing to which the 
frost fastens itself. 

Not long ago one of the smaller power companies in Utah had 
difficulty with a very wet sleet bridging over insulators and 
causing them to ground, or flash across. It was a sleet so wet 
that it could hardly be called ice and yet it would stick and 
build up on the lee side of an insulator. 

M. T. Crawford: Experience with wires arranged in a 
vertical plane has been universally unsatisfactory in our terri- 
tory through snow country and it should be noted that, in the 
line described in this paper, a horizontal arrangement was used. 
Longitudinal movements -of the wire accompanying the ver- 
tical movements sufficient to cause short circuit with a ten-foot 
vertical displacement would necessarily produce severe stresses 
at dead end points, and it was to avoid damage from these 
stresses that the special form of suspension construction was 
employed. Since writing this paper the line has gone practically 
through another winter without a repetition of the failure 
described although ice and frost formations have been equally 
severe. 


INSULATION DESIGN OF ANCHORS AND TOWER 
SUPPORTS FOR 110,000-VOLT, 4427-FOOT SPAN OVER 
CARQUINEZ STRAITS! (Corzert,) 

Det Monte, Cau., OcToBER 3, 1923. 

L. M. Klauber: I wish to point out one fact, namely, 
that a line of such importance, crossing a water way open to 
traffic where great clearances are necessary, would naturally 
involve special structures and relatively high costs. One not 
familiar with long spans might deem it essential that whenever 
such spans are constructed, regardless of the character of the 
line, equally expensive structures are essential. I would like 
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to point out that for spans of this magnitude in less important 
lines, a much less expensive construction may be used with 
entirely satisfactory results. 

For instance, it was recently necessary for our company to 
construct a line serving a load of only 50 kw. We have in that 
line one span which in length approaches this one within one 
hundred feet; it is approximately 43800 feet long and yet the 
construction is inexpensive, utilizing wood poles for towers. 
Of course, it is obvious that this line does not cross a waterway 
through which ship traffic must be accommodated and thus 
great clearances are unnecessary. On the contrary it crosses 
a rather wide canyon and had it not been for a spur of a hill that 
came up in the center, the span would have been 7600 feet instead 
of 4300 feet long. As it was we had to locate a tower in the 
middle on the spur between the 4800 foot span and a 3300 foot 
span. The line including these spans is no more expensive 
than an ordinary pole line following the road would have been. 


H. H. Schoolfield: We have some long spans but nothing 
like Mr. Klauber mentioned. We have one about 2800 feet 
long on wood pole construction and it is no more expensive than 
following down the canyon. 


J. P. Jollyman: Thedetail of the design of there-insulation 
of the Carquinez crossing is not offered as a sample of how long 
span construction’ should ordinarily be made. As has been 
pointed out, this crossing is one over a navigable stream. The 
crossing was designed over twenty years ago and represents a 
very remarkable achievement for that period. 

It is rather seldom that we find spans of that length with 
conductors of that character supported on rigid insulators; 
most of our new work is with suspension or strain insulators 
where the rigid points of support are at the tower and not at the 
conductor. In the Carquinez span, the long time success of the 
compression theory of insulation led us to conclude it would 
be a wise thing to continue and for that reason the insulators 
for the higher voltage were determined to be of the rigid type. 
A rigid form of support introduces the very pressing problem 
arising from the vibration of the conductor and our endeavor 
to terminate that vibration at a fixed point. Experience has 
shown the necessity of absorbing the vibration before it strikes 
the rigidly supported point, or in a short time, crystallization of 
the conductor will occur. A rather striking experience was had 
in this crossing. A few years ago the crossing was worked over 
and was changed from four wires to six wires in order to give two 
complete circuits. At that time it was known that some re- 
inforeements of the original cables over the rigid supports was 
necessary and an attachment was put on designed to take most 
of the strain off the main cable. Within a few weeks erystalliza- 
tion occurred and a strand broke at the attachment. The 
attachment was several feet out from the original point of the 
support, but it was a little too heavy; so in redesigning the 
work we have taken particular precautions to add weight 
gradually as the point of rigid support is approached. 

First we add one cable for reinforcement and a few feet further 
on weaddasecond. These cables are then attached to the main 
cable by means of relatively light clamps sufficient in number 
to take the entire strain and amply spaced, and finally the main 
cable with its reinforcing cables changed from the vertical to the 
horizontal plane, is brought to the point of rigid support. The 
construction has been up over a year. We have had no me- 
chanical trouble with it whatever, orany electrical trouble except 
with some windows at the entrance to the anchor houses. We 
installed those windows thinking that they might be of some use, 
but they proved to be the weak point in the construction and 
have been'removed. It is not our intent to replace the windows. 
We have had no mechanical trouble and I believe our experience 
has been sufficient to justify the assumption that the mechanical 
design is going to function correctly. 

L. J. Corkett: There is little to add as no questions have 
been raised. The important link this particular crossing forms 
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in the transmission system; the fact that it crosses a navigable 
waterway, a main line railway and other power and communica- 
tion circuits, and the adherence to the compression type of 
insulation have resulted in the rather elaborate construction 
deseribed. Our company has other long spans on lines in 
mountain districts of the type described by Mr. Klauber and 
Mr. Schoolfield. 

I wish to emphasize the importance of the proper design of 
the five hinged anchor structure of Fig. 3. Hs is the only point 
at which a hinge ean be located on the stem of the Y. The 
entire Y frame between the hinges H3, B and C, must be abso- 
lutely rigid. 

WATERWHEEL GENERATORS AND SYNCHRONOUS 

CONDENSERS FOR LONG TRANSMISSION LINES! 

(Surry), : 
Det Monte, Cau., Octosrer 4, 1923 


E. B. Shand: It is desired to draw attention to the con- 
ditions of line charging by an a-c. generator. One method 
which has been frequently used to determine this effect consists 
in taking the voltage characteristics of the generator when 
excited by the armature current directly from the no-load satura- 
tion and the short-circuit saturation curves. By plotting the 
volt-ampere characteristics for the capacity effect of the external | 
circuit, the intersection of the two curves will give the value to 
which the terminal voltage will rise, with the field un-excited. 
This method involves quite an appreciable error, due to the fact 
that when the generator is excited from the field, the voltage is 
generated only by the flux in the magnetic cireuit of the arma- 
ture, but when excited from the armature an additional voltage 
is generated due to the leakage fluxes which are not present in 
the other case. Itis evident, therefore, that the relation between 
voltage and ampere turns will differ under the two conditions 
of excitation. 


To evaluate the effect of capacity loads in a more accurate 
manner, the actual effect of ampere turn relation between the 
armature and the field should be used in place of the modified 
relation as obtained directly from the short-cireuit saturation 
curve. This can be done by separating the total effect of the 
armature current into armature reactance and armature demagnet- 
ization by the standard method; the real ratio of ampere turns 
will then be expressed by the component of demagnetization. 
For instance, in Fig. 7 of Mr. Smith’s paper the short-circuit 
saturation curve (the intersection of the zero per cent power 
factor curve with the axis of field current) indicates that 1470 
armature amperes corresponds to 220 field amperes. The 
true ratio, as expressed by the component o demagnetization, is 
approximately 145 field amperes. The same main flux and 
saturation will be produced by either 145 field amperes for 
1470 armature amperes. The additional component of voltage 
for the same latter current, and due to the armature leakage 
fluxes will be approximately 2200 volts. These fluxes are largely 
in air paths and therefore, are practically independent of satura- 
tion. The terminal voltage of the generator under the condi- 
tions assumed, may be expressed as the voltage taken from the 
no-load saturation curve corresponding to (ly K + 7,4) field 
amperes, plus Iq X Za, 
where Jy = actual field current. 

I, = armature current. 

2q = armature leakage reactance. 

K = relation between armature current and field cur- 
rent as expressed by the component of demagne- 
tization.” 

Fig. 1 gives the general construction for determining the 
voltage when a generator is connected to an open-circuiting trans- 
mission line or similar circuit with a high capacity effect. The 
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stants of a machine when these are available, 
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line characteristic curve is merely the relation between the 
terminal voltage and the leading reactive current in the external 
circuit. Curve (2) is curve (1) less the armature reactance drop. 
The intersection of (2) with no load saturation curve furnishes 
the point of operation required. The actual terminal voltage 
will be the point (P). 
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Fig. 1 of Mr. Smith’s paper gives two alternatives for the 
load saturation for zero per cent leading power factor at low 
voltages. Although of little practical importance, it may be of 
slight interest to investigate this point by means of the type of 
diagram described above. This diagram will be modified slightly 
to represent a condition of adjusting the d-c. excitation so that 
on varying the capacity of the external circuit, the armature 
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current will be maintained constant. In Fig. 2, therefore, IE Dew 
will be constant while I, will be assumed a variable, as well as 
the slope of the line characteristic curve. As the external 
capacity increases as indicated by the decrease slope of the line 
characteristic, the d-c. excitation must decrease and eventually: 
reverse. When curve (2) coincides with the saturation curve, 
stability will cease so that with reversed excitation, the whole 
zero per cent power factor curve must be considered hypothetical, 
this, of couse, neglecting the effect of salient pole construction. 
Under this condition of instability, the voltage will naturally 
drop to zero, and build up in the opposite direction which is 
indicated by the relative positions of the two curves at the 
intersection. Assuming, however, that the voltage could be 
stabilized by some means, it will be seen that the load saturation 
curve must approach the point e, which represents the condition 
of an infinite capacity of the external circuit. 

By rotating this diagram through 180 deg. it may be seen that 
the point e’ may be considered as the equivalent of f’ under the 
condition that the reverse excitation had been employed in taking 
the load saturation curve at zero per cent lagging power factor. 
It can, therefore, be considered that the points corresponding to 
short circuit and to an infinite capacity may approach either of 
the points e or f, depending upon the direction of excitation. In 
the case of the circuit of high capacity, however, the operating 
‘eondition is absolutely unstable and not possible.. This seems 
to represent the relations involved rather than the curve df of 
Mr. Smith’s figure. 

It might be suggested that there is probably only one method 
to actually obtain from test the values for the part of the curve 


- which is unstable. By coupling two generators together so that 


their voltages are exactly in phase and consequently, that they 
can exchange no power by driving the machines from a separate 
source and properly adjusting their excitations the complete 
curve can be obtained for either condition of reactance or capac- 
ity, and moreover, the two curves will be continuous at the 
points e and f. The necessary stability is, of course, acquired 
through the mechanical interconnection of the two machines. 

M. W. Smith: Although the criticism in the first paragraph 
of Mr. Shand’s discussion may apply to the usual method, it is 
not applicable in this particular case. In determining the 
voltage obtained at the terminals of the generator when ‘deliver- 
ing 0 per cent, leading power factor current, the effect of both the 
armature re-action and armature reactance were taken into ac-. 
count. Furthermore, in Fig. 7, the two abscissas coordinates for 
‘Armature Amperes’” and ‘Field Amperes’” are not inter- 
changeable as apparently assumed by Mr. Shand, 7. e., they do 
not apply to the same curves. The abscissa for “Armature 
Amperes’”’ applies only to curve five. Curve five, shows the 
values of terminal voltage, that will be obtained with various 
values of 0 per cent leading power factor current in the armature, 
with a constant d-ec. excitation, and the effect of the armature 
reactance, as well as, the magnetizing effect of the armature, was 
ineluded. The abscissa ‘‘Field Amperes”’ applies only to curves 
lee ancas 

I wish to correct Mr. Shand’s impression, that Fig. 1, gives two 
alternatives for the 0 per cent leading power factor curve at low 
voltage. As stated in the paper, if 0 per cent leading power factor 
could be maintained, the curve would extend to “e” at 0 voltage. 
It is further stated that it is not practicable to maintain O per 
cent power at low voltages on account of the increasing effect of 
the resistance in the cireuit as the voltage is decreased and that 
in actual operation the machine would tend to follow the portion 
of the curve shown by d.f. The portion d.f. is, therefore 
not a O per cent power factor curve, but represents the Pendeney 
of the machine to change over to points on higher leading and 
finally lagging power factor curves. 

Both Mr. Shand and L agree that it is not practicable to operate 
generators at such low voltages and further discussion on this 
academic point is hardly justified. 
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~has’made us give this problem consideration. 


EXPERIENCE WITH BEARINGS AND VIBRATION CON. 
DITIONS OF LARGE HYDROELECTRIC UNITS! 
(HARISBERGER), 

WATERWHEEL CONSTRUCTION AND GOVERNING? 

(BREED), 
A STUDY OF IRREGULARITY OF REACTION IN 
FRANCIS TURBINES? 
(Winkins) Det Monte, Cat., OctrosEr 3, 1923 


R. Treat: The device which was developed by Mr. Wilkins, 
appeals to me as being applicable to investigations of other 
similar problems. It appears to be a very simple, and it is 
hoped, reliable device which may be used for determining 
among other things, the pressures in the interior of oil circuit 
breakers at the time of opening the cireuit and the stresses 


which are brought to bear upon bus insulators at times of short 
circuit. 


R. L. Hearn: As one of the staff to install and put in opera- 
tion the first two 55,000 h. p. units in the Queenston-Chippewa 
station, I had an opportunity to closely watch the operation of 
these units for some time after they were put in service. While 


we did not find the vibration in these units to be of such magni- 


tude as to be dangerous, yet it was there to such a degree that it 
We found the 
vibration to be worse at part gate and were inclined to consider 
the draft tube to be the prime cause due to the unstable con- 
dition of the water column in the draft tube under part load. 
Mr. Wilkins has shown in his paper that vibration can come from 
other sources. 


I would like to ask Mr. Harisberger whether he has considered 
the affect of the draft tube on the vibration found in the units 
which he discusses in his paper. I have in mind the condition 
we found with two different types of draft tubes which were 
installed on the Queenston plant on two wheels of identical 
design. One draft tube was of the bent tube type, while the 
other was a Moody type draft tube. In comparing the vibra- 
tion in these two units we found very little differeace at full 
gate opening, but at part gate there was considerably more vi- 
bration with the bent tube than with the Moody tube. This 
difference we contributed to the design of the draft tube. 


In many of the recent large installations of vertical type 
Francis turbines, the upper portion of the draft tube immediately 
adjacent to the runner has been constructed of cast iron and has 
been so designed that it can be removed, thus allowing the dis- 
mantling of the runner from the lower side of the machine. 


In many eases vibration has caused the cast iron section of 
the draft tube to loosen from the turbine casing and I believe 
it is the consensus of opinion, that it is advisable to conerete in 
this section of the tube in order to absorb the vibration and thus 
protect the draft tube from being shaken loose. 

In order that the work of investigating problems, such as we 
have just been discussing, might be more effectively carried on, 
we should develop a spirit of cooperation between the operating 
companies and the manufacturers. So often in the past, it has 
been the case that the manufacturer delivers his equipment and 
after acceptance by the purchaser obtains very little knowledge 
as to the performance of this equipment during its operating life. 

E. R. Stauffacher: I would like to ask a question in regard 
to the interpretation of a curve, Fig. 4 of Mr. Wilkins’ paper. In 
the later part of the notation underneath the figure the state- 
ment is made: ‘Hum apparent in both Power House and Pen 
Stock.” By reference to the curve it can be seen that it is quite 
regular. 

In Fig. 5, you will notice: ‘No apparent noise or vibration.” 
By referring to the curve you can see that it is quite irregular. 

Am I right in interpreting these curves to mean that if the 


ot yet published. 
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curve is regular, you have a source of danger, whereas, if it is 
irregular there is no danger? 

Also, in reference to Mr. Harisberger’s paper, as to the tech- 
nique of determiniog the tone of the generator and the tone of 
the turbine, what method to determine pitch was used? Was it 
by means of a tuning fork, or just by the ear of this musical 
operator? 

R. J. C. Wood: I would like to ask Mr. Wilkins whether any 
experiment was made by varying the speed of the machines 
slightly above and below the point at which he obtained these 
diagrams that he gives us, to see whether there was any reso- 
nance that might be in some portions of the casing or a water 
column of a length that would respond to certain frequencies, 
just as in some automobiles there is a certain speed at which the 
machine tries to vibrate itself to pieces, and below that speed 
you are comfortable, and also above it? 


John Harisberger: In reply to the question as to how the 
tone was arrived at, this was done by the chief operator of this 
particular station by tuning in on a keyboard of a piano in the 
elub house, which is near the power house, so the hum can be 
distinetly heard. 


As to Mr. Hearn’s question—Was anything done, or any at- 
tempt made to correct the difficulty by changing the draft tube? 
—No, this particular unit has a single-runner double discharge 
turbine with boiler riveted steel draft tubes similar to that of the 
two other units which have given no trouble. As the vibration 
occurs only at partial gate, in the neighborhood of 3/10 to 5/10 
opening, and as it is rarely that the unit is operated at this gate 
opening, we did not think it necessary to go to much trouble or 
expense to correct the difficulty. In fact, we have not had any 
very definite information to work from until Mr. Wilkins’ paper 
was presented, which seems to me gives us something well worth 
considering. 

I would like to ask Mr. Wilkins if all the runners considered 
in his paper were Francis runners? 


John Sturgess: At one period in our forward progress some 
particular problem seems to be right in the lime light and de- 
mands first attention, and during that period some of the other 
problems are side-tracked. 

Now, I feel that is particularly true in the case of vibration, 
because many years contact with hydraulic turbines leaves the 
impression on me that this problem was relatively more fully 
solved several years ago than itis today. It is almost an example 
of partial retrogression. 

In 1898 I spent three weeks on top of a hydraulic turbine at 
Niagara Falls, where the vibration was quite severe. At that 
date, 1898, hydraulic calculations and engineering were very 
inadequate. The wheel was designed for 2500 h.p., but it 
accidently developed 5000h.p. The hand wheel for opening the 
gate was 18 in. diameter but before the gate could be opened it 
was necessary to strap to the hand wheel a 12-ft. beam with 
block and tackle at the outer end. While there was severe 
vibration in this unit, it was no worse, if as bad, as on some re- 
cent units, and I do not feel that this apparent retrogression 1s 
to be entirely accounted for by size of unit, or the head, for some 
of the new units were not materially different from the 1898 unit 
in respect to size or head. There has been recent discussion 
regarding synchrony between vanes and gates, but this was the 
subject-matter of discussion from ten to twenty years ago. 


I would like to express a thought in regard to that part of Mr. 
Breed’s paper illustrating the propeller type turbine, which, by 
the way I believe, if proper credit is to be given the original 
proponent, should be called the Kaplan turbine. It is obvious 
that the propeller type is nothing but the continuation to its 
logical conclusion of a process we have all gone through in 
developing high specific speed runners,—diminishing the inflow 
element and amplifying the axiflow element. It is easy to see 
that the complete elimination of the inflow element was the 
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logical conclusion of this process. Yet it is called a ‘‘new” 
turbine. , 

Looking ahead, I expect to see for this type, before it is finally 
established as a standard, an entirely new type of gate developed. 
The swivel gate, while obviously correct in connection with the 


inflow turbine, is illogical when applied to the axiflow type. 


L. A. Barnes: In regard to the 2.5 in. whieh Mr. Wilkins 
took off the runner. I assume he took that off in small amounts 
at atime. If he did not I would like to ask how he determined 
that amount? And, if he did take that off a little at a time I 
wonder if he could tell the success that he had in the successive 
cuts, that is, whether it was progressive or whether he arrived 
at it all at once. 


R. Wilkins: In answer to Mr. Stauffacher, Curves No. 5 and 
No. 6 were taken on identical seroll cases with different runners 
and under the same head on the same pipeline. On No. 4 there 
was sufficient noise to make talking difficult, that is, the hum was 
so loud that you had to raise your voice to be understood in the 
power house; this gradually decreased up the pipeline yet you 
could hear the hum at the penstock. With the seventeen vane 
runner in an identical seroll case just beside it on the same pipe- 
line, there was no noise that you could hear at all. There was 
no vibration that you could feel with your hand, yet the hydraulic 
pressures inside the pipeline were just as violent as those in the 
other unit. Both these, however, are considerably smaller than 
some of the other curves. Fig. 13, for instance, gives no hum; 
it is not regular enough to give a hum and it didn’t give an actual 
noise, yet that unit vibrated so that we were afraid to run it for 
fear it would shake out the bearings;. it was put under different 
conditions and it toned down as is shown in one of the other 
curves. I would not say that it entirely stopped but the pulsa- 
tions were not audible or perceptible, that is, it wasn’t dangerous. 
These pressure pulsations in pounds per square inch are quite 
high and we don’t know just what they do; which is the reason 
for the investigation, because of the things that we were afraid 
they might do. 

In answer to Mr. Wood’s question: As far as the frequency 
of the system would permit, curves were taken from as low to as 
high as we could get with the load. Without load these pressure 
variations are light because there is little water entering the 
runner and as you decrease the speed you change the conditions 
under which that turbine operates at a different head and it 
depends on head and load conditions where it is the worst. If 
it vibrates at all it vibrates over all speeds, but there is a place 
where conditions are the worst and this depends on the design, 
principally, of the runner. 

Tn answer to Mr. Harrisberger: All runners, as stated in the 
title of the paper, were Francis runners. In fact, all the runners 
we have on the system are Francis runners and the pressure that 
is built up in them depends on their design and the amount of 
clearance between them and the guide vanes. It is the way the 
water enters the runner that causes the variation in pressure. 
If there ean be obtained between the runners, even on runners 
not correctly designed, sufficient clearance to equalize part of 
the pressure, vibration will be cut down. On the runners in 
which we tried to correct the vibration we cut back as far as we 
dared. Ona runner 105 inches in diameter, we cut back about 
five inches, 214 inches on each side. 


R. J. C. Wood: I would like to know whether Mr. Wilkins 
noticed any relation between the shape of the guide vanes in 
these different units and the degree of vibration hum, or the 
oscillations? 

R. Wilkins: The guide vanes, so far as we could determine, 
had very little effect on the water as it entered the runner. We 
tested practically all of the types of guide vanes available, and 
found no difference. 

Tn answer to Mr. Barnes: The cuts taken off were as much as 
we possibly dared take off, but I don’t think that we have enough 
off yet. There were no preliminary cuts and there have been 
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none since. It is quite a job to disassemble a unit of that size 
and to make the cut at the same time; it is quite.a loss to a power 
company to have to put out of service a unit of 35,000-kw. 
capacity on which such work is being done. We did the best 
we could at one guess. 


HIGH-VOLTAGE INSULATION! 
(HAYDEN AND STEINMETZ) 
Det Monte, Cau., October, 4, 1923 


R. W. Sorensen: My first point is in connection with the 
statement that we use our insulations under stresses which rarely 
exceed the breakdown voltage of air, though tests show a strength 
of 10 to 20 times that of air for many of the insulations used. 
This plea for a more strenuous use of insulating materials is 
interesting in the light of a request in another paper given this 
morning, in which the author recommends a decrease in the 
test voltage applied to transformers with one terminal grounded. 

In Fig. 1 of the paper the curves show the interesting fact 
that a given potential will cause spark over between a point and 
a sphere for much greater spacing when the sphere is negative, 
than will: be the case with the needle points negative and the 
sphere positive. The results shown in Fig. 3 have been dupli- 
cated by Messrs. Otis and Mendenhall, two students at Cali- 
fornia Institute of Technology as shown by the curves in Fig. 1 
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accompanying this discussion. In making these tests the high- 
voltage alternating current was rectified by means of a two- 
segment commutator driven by a two-pole synchronous motor. 

The a-c. curve is very much like that obtained by Hayden 
and Steinmetz, but the d-c. curves differ in shape because of the 
pulsating current obtained with the commutator, whereas 
Hayden and Steinmetz had very steady current delivered by a 
four kenetron rectifier. An explanation of the dip in these 
curves would be very interesting. 

In John S. Townsend’s “Ionization of Gases by Collision”’ is 
found this statement ‘‘When the point is negative, the strong 
field is near the negative electrode, so that the potential re- 
quired to produce a discharge is less than when the point is 
positive.’ Also in “Conduction of Electricity through Gases,”’ 
1906 edition, by J. J. Thompson on page 498 we find this state- 
ment “............this minimum potential depends upon the 
sharpness of the point, the pressure and nature of the gas, and 
the sign of the electrification of the point, being less if the point 
is negatively than if it is positively electrified.”” Hence we have 
from these authorities statements which, at first reading, appear 
quite contrary to those given in this paper. 

There is, however,-some confusion as to the definition of the 
term ‘‘spark discharge,”’ in the texts referred to the term does 
not seem to apply to an are current and the voltage required 
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- This is explained further on in the paper. 


to cause it, but means the point at which a leak discharge only 
and not a complete are over occurs between the electrodes. 
In fact in one treatise on the subject of ionization this definition 
appears: “Sparking potential may be defined as the potential 
which is required to maintain a very small current in the gas.”’ 

Dr. Millikan has explained the Hayden-Steinmetz results on 
the basis of the inereased difficulty experienced in extending the 
ionization envelope with negative points, as compared to that 
phenomena for positive points, henee the required higher poten- 
tials for a breakdown over a given distance. 

In discussing the mechanism of ‘thermal breakdown of 
dielectrics’ the paper follows the work of Mr. Wagner as pub- 
lished in the Journat for December 1922, but Wagner does not 
deduee the same law. Also some tests we have made in our 
laboratory do not conform the deduction that puncture voltage 


is proportional to the square root of the thickness of dielectric. 


To emphasize “‘time lag’’ is indeed worth while as our experi- 
ence shows it an important factor in making an analysis of volt- 
age stresses on insulations, and indicates that an intensive study 
should be made of the laws which govern it. It may be of 
interest to note here that in testing thousands ‘of porcelain 
insulators I have found that very few which stand a potential 
test at minimum are over voltage for fifteen seconds, fail when 
the potential is applied for a longer time. In testing apparatus 
insulated with organic insulating materials very often potentials 
apparently harmless when applied for short periods will cause 


_ breakdown when applied for longer periods of time. 


At the bottom of the last page: “It follows from this, that 
the conducting particles or carriers, which carry the disruptive 
discharge in air at atmospheric pressure, are positively charged, 
that is, they may be the positive ions, but cannot be the negative 
electrons.” 

If an atom is ionized and you have your positive ions turned 
loose what becomes of the negative ions, where do they go? 

Then follows: “At atmospheric pressure the voltage re- 
quired for ionic conduction, that is, disruptive discharge, is 
much lower than the voltage required for electronic conduction.” 
If you have a perfect 
vacuum, as stated, how would you have the pure electronic 
conduction? I presume tubes in which there are heated fila- 
ments have been used. 

C. P. Steinmetz: The paper deals with a subject which has 
assumed, in the last year, a still greater importance than it had 
before, that is, the problem of high-voltage insulation and 
mechanical breakdowns. 

This is such a vast field and so much work has and is being 
done, and ean be done, that the paper must necessarily be only 
a general part of the preliminary announcement of the results 
and investigations, with a more complete record of results to 
be announced at some future occasion. 

There is, however, one feature which begins to get clear, 
namely, that our conception of insulation and of breakdown of 
insulation again begins to change and to be subjected to multi- 
plication. To members in the early days, insulation was merely 
a boundary bar. We knew, by experience, that a tenth of an 
ineh of insulation of a conductor would protect it against 2300 
volts. Then, when it came to higher voltages we realized that 
there is something occurring within the boundary bar, of im- 
portance, and it is not merely the material, but there is a dielec- 
trie field with potential radius and other things within the 
boundary bars which require consideration and study, and which 
we are studying. : 

Now, it seems that our views are just beginning again to get 
a multiplication with respect to at least the failure of insulation 
and the mechanism of breakdowns. It seems to be clear that 
the mechanism of breakdowns, under the failure of insulation 
on high voltage is a phenomena of instability. In other words, 
it is not that insulation fails, that dielectric breaks down, when 
electric stresses are beyond limits and value, but it is said that 
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under conditions very much lower than those gradients in 
lightning conditions of instability oceur which gradually brings 
about the multiplication and changes leading ultimately to a 
breakdown of insulation. It is, therefore, a condition of instabil- 
ity of constants of material which .instability brings about, 
largely upon lesser changes, which leads either to destruction 
or breakdown. Therefore, the mere reduction or stress on the 
insulation is not a factor which saves breakdowns, but that the 
new problem of insulation seems to assume the shape of arranging 
of designs in the dielectric field of insulation, so as to get the 
condition of stability and not instability. That is the future 
which seems to impress itself upon us. The more we study the 
problems of insulation we find that it is not existing stresses that 
cause this, but largely it is the result of stability, or instability. 


Now, that is not only true in solids, but probably in the air. 
In this respeet we could point out the same idea that the dis- 
charge makes its own gradient. Now, you have the same con- 
ception there, that it is the discharge which is taking place in the 
dielectric field about conditions which are unstable. We all 
know that if we had 2,000,000 volts spread over, I don’t know 
how many thousand inches, there could be a gradient that 
would be so low there would be no puncture and for that dis- 
charge under such conditions. By the discharge making its own 
gradient there would be produced a dielectric condition of 
instability which would finally lead to self-destruction. 


METHODS OF VOLTAGE CONTROL OF LONG HIGH- 
VOLTAGE LINES BY THE USE OF SYNCHRONOUS 
CONDENSERS! (Koontz), 

Det Monte, Cau., OctosrR 4, 1923 


A. W. Copley: In amplification of Mr. Koontz’s paper and 
carrying out the thought a little farther, it may be pointed out 
that there is a very definite power limit on a transmission line 
on which the values of generator and receiver voltage are fixed. 
The addition of synchronous condenser capacity beyond a cer- 
tain limit does no good as far as increasing the capacity of the 
line is concerned. For instance, on a 200-mile line with 200 
kv. maintained at both ends, the addition of synchronous con- 
denser capacity beyond the point which allows a load of about 
220,000 kw. at the receiver end, does not inerease the capacity 
for transmitting power. The power limit of such a line beiag 
in the neighborhood of 220,000 kw., it can be seen that, at least 
on projected lines, the limit is being approached. It is, how- 
ever, possible to increase the power limit of the line by making, 
in effect, two lines in series. For instance, on a 400-mile line, 
with synchronous condenser capacity at the receiver end, the 
limit of capacity is around 120,000 or 125,000 kw. By breaking 
the line in two parts of 200 miles each, the power limit of the 
upper end of the line is about 220,000 kw. and with that power 
delivered to the middle of the line, the balance of it again has 
the eapacity of 220,000 kw. minus the losses, which bring the 
delivered power down to about 200,000 kw. That is, by the 
introduction of condenser capacity in the middle as well as at 
the receiver end, the line capacity is inereased from 125,000 to 
200,000 kw. 

One other point mentioned by Mr. Koontz which is of much 
importance, is the method used for the control of the exeiter 
voltage at times when lagging current is being taken by the 
generator or condenser. When the line is being charged and 
no load being carried, the condenser must be operated with a 
very light field. The same holds true of the generator field 
under the same conditions. With the ordinary generator 
voltage regulator, the voltage across the generator or condenser 
field can be controlled only down to about the residual voltage of 
the exciter. By cutting resistance directly in the field of the 
condenser or generator the voltage across the field can be re- 
duced still further and it is now possible to do this automatically 
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by means of a face plate regulator which is operated as an 
auxiliary to the usual generator voltage regulator. Such a 
regulator has beeu applied on the generators of the Big Creek 
No. 3 Plant of the Southern California Edison Company. It 
allows the lowering of the voltage acrcss the generator field to 
something like ten per cent of the residual voltage of the exciter 
and thus there is obtained a considerable increase in the lagging 
current capacity of the machines while under the control of the 
regulator. 

R. J. C. Wood: 1 didn’t quite understand what Mr. Koontz 
said about the generator voltage being low under certain con- 
ditions of operation, when the load was low. We have made 
calculations or the Big Creek System 250 miles long—that line, 
with 100,000 kw. per circuit, transmitted from Big Creek No. 3 
plant, including the effects of the transformers on the line, which 
take certain magnetizing currents. It developes that the varia- 
tion of the voltage on the generator will be very slight between 
zero load and full load. As I remember the figures the 11,000- 
volt machine requires slightly under 11,000 volts at zero load 
and in the neighborhood of 11,500 or 11,600 at fullload. So, the 
variation at the generator is slight and the demands on the 
regulator will not be heavy. 


About what Mr. Copley said relative to putting synehronous 
condensers in the middle of the line, that, of course, gives you a 
new lease of life. You get power at the end of the first section 
of the line at a certain voltage and at power factor desired and 
start all over again in the next section of the line. The method 
has its limitations and would not be used on a comparatively 
short line. 


The ealculations for the Big Creek 250-mile line indicated that 
there was no advantage in putting condensers in the middle of 
that line. The installations of a synchronous condenser at the 
middle point causes a loss of, roughly speaking, one-half of its 
capacity. A great many of these ealeulations are often made 
for the line only and the effects of transformers are not taken 
into consideration. This should be done, as illustrated by a 
test we made when we were first getting ready to energize the 
line at 220 kv. One of the preliminary steps was to test the 
transformers and equipment of the Big Creek No.8 Plant. We 
had generators and transformers at the Big Creek No. 8 Plant, a 
220-ky. line about 105 miles in length, from Big. Creek No. 8 to 
Vestal, and in addition auto transformers at Big Creek No. 1, 
No. 2 and also at Vestal, if I remember rightly. The result was 
that we got about 600 amperes on the generator at considerably 
less than full voltage and when we were up to full voltage on the 
line only 300 amperes, on account of the large amount of mag- 
netizing”current taken by the transformers on the line, so that 
you have a very good regulator in the magnetizing current of 
transformers; if the voltage tends to increase greatly on account 
of loss of load, the magnetizing current will increase rapidly and 
neutralize the charging current on the line and prevent excessive 
voltages. Magnetizing current may be taken at about 4 per cent 
of full-load current at normal voltage; at 110 per cent voltage 
it will be about 12 per cent, and at higher voltage—the manufac- 
turers conceal what it is going to be. They need not conceal it; 
for our particular purpose it is a good thing to have. 

J. A. Koontz: The statement, that there is a wide variation 
in voltage at the generating station, should refer to the exciter 
voltage. The generating voltage usually only varies some 8 or 
10 per cent depending on how the lines are operated. On the 
lines of the Great Western Power system, this variation amounts 
to 10 per cent. The impression I intended to convey was that 
synchronous condensers have to operate over a rather wide 
range of terminal voltage, particularly when they are operated 
from high-reactance transformer windings which supply no other 
load. The condensers require minimum field excitation when 
the machine is supplying the minimum terminal voltage, and 
maximum field excitation at maximum terminal voltage, hence 
extreme exciter voltage variation. 
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the condensers deliver only 9800 volts at minimum field and 
12,200 volts under maximum field conditions. It is this change 
in machine terminal voltage, together with the magnetizing or 
de-magnetizing effect of the armature, which necessitates extreme 
field ranges and makes difficult regulator operation. 


A MODERN MARINE INSTALLATION 


The M. S. Cubore, first cargo ship to be equipped 
with the new type Bethelehem oil engine and a full 
complement of automatic magnetic control deck ma- 
chinery, was given her sea trials February 8, a day’s trip 
outside of Baltimore. Because of the wide interest 
in the unique equipment of this ship, many persons 
prominent in naval architecture and_ shipbuilding, 
including representatives of the Emergency . Fleet 
Corporation, made the trip. 

The Cubore, 450 feet long and with a dead weight 
tonnage of 10,500, is owned by the Ore Steamship 
Corporation, a subsidiary of the Bethlehem Steel 
Company, and will be used to carry ore to Sparrows 
Point, Baltimore. The oil engine was originally in- 
stalled in the Cubore late in 1920 and, with the excep- 
tion of a tie-up for modifications to auxiliaries and 
engine, has been in steady operation since that time. 
The engine modifications are the result of the 21% years 
of sea experience. 

The outstanding points of interest are not only the 
new type Bethlehem oil engine, but also the auxiliaries, 
all of which are electrically operated by General Electric 
marine type motors and control. Steam is used for 
heating purposes only. Three 100-kw. direct-current 
generators, driven by three Diesel engines, supply the 
necessary power for the auxiliaries, including a 75-h. p. 
motor for the windlass, eight 50-h. p. motors for the 
mooring winches, six 25-h.p. motors for the cargo 
winches, the lighting system and all engine room 
auxiliaries. One generator only is required to supply 
this power except when the ship is in port, loading or 
discharging cargo, when two generators handle the load. 

The engine room equipment is of the most modern 
type. The pumps, mainly of the centrifugal or rotary 
type, depending on the service, and the auxiliary air 
compressors, are operated by marine type, enclosed 
ventilated motors. 

A new feature among the deck auxiliary equipment 
is the automatic mooring winches, designed to performa 
service covered by no other electric winch on the market 
today. These are so constructed that, without manual 
attention, mooring lines are payed out and taken in as 
the boat is moved about by sea swells and other 
conditions. The lines are thus automatically kept 
taut at all times. 

The cargo winches, ordinarily used to open and close 
hatch covers, are fitted to handle cargo when the 
occasion demands. To meet this service, the control 
on the Cubore is of the latest magnetic type now in 
universal use. 

The use of magnetic control winches will result in a 
15 to 20 per cent saving in time of handling cargo. 
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-Fortieth Anniversary Celebration of the A.I.E. E. 


Addresses in Philadelphia by Three Charter Members with a 
Resume of Electrical Engineering Progress 


i. The 40th anniversary of the Institute was fittingly celebrated during the Philadelphia Midwinter Conven- 
tion at a meeting held Monday evening, February 4th, at which President Harris J. Ryan presided. Addresses 
were delivered by Elmer J. Sperry, T. Commerford Martin and Elihu Thomson, all charter members, and by John 


J. Carty, past-president of the Institute. 


President Ryan presided, and in opening the meeting said: 


“The hour is one in which we all rejoice to have 
come to Philadelphia because it was the home city 
of the first American electrician, the man of whom we 
all know, and who enabled us to understand very 
clearly and for the first time in this world what is 
lightning. From what he did for us in that way, we 
have had many an inspiration of the most valuable 
sort to carry us forward to know many of the other 
things and what they are and why they are. 

“Through all this came the inspiration on the part 
of a group of men forty years ago to give us this, our 
American Institute of Electrical Engineers. We have 
assembled to do honor to those men tonight, to remem- 
ber the beautiful and valuable organization that they 
gave us through their vision and their enthusiasm 
asyoungmen. Weare glad to know and to be together 
to rejoice over the considerable number that have 
lived through the entire generation, the lifetime, the 
time of one generation of active business at all events. 

“The first man I am going to call up who joined with 
others to give us our Institute in 1884 is the youngest 
charter member who had at this same time to come the 
greatest distance for the organization meeting. He 
came all the way from Chicago to New York. Mr. 
Elmer A. Sperry.” 


ADDRESS OF Mr. SPERRY 


I feel that the Institute is very young; it is really 
the youngest member of our technical bodies. You 
remember the Civils were formed in 752; then the 
Miners came along some time in "77: then the Me- 
chanicals were organized about 1880, and then this body 
came into existence in 1884. 

These things, of course, don’t happen, and while 
the pioneer is doubly, in his own way, always having a 
hard time, when he starts, or he imagines he does, then 
when he comes along later to tell about it, tell how it 
did all happen to happen, he rather gets in the way, 
and the young people with the forward look and on 
their toes as the members of this Institute always have 
been, say, ‘Well, make it brief.” So I will try to 
make my part of it brief. 
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There were two groups that had their young en- 
thusiasm and were willing to make some sacrifice to 
see if we could not have an American Institute of 
Electrical Engineers. In the Western Group—I was 
living in Chicago—we had about eight people. Our 
keynote was that England had had the Institution of 
Electrical Engineers some four or five years. They 
had had, it is true, that marvelous body, the Society of 
Civil Engineers, but we in America had matched that 
in 1852, as I stated before, but they were definitely 
ahead of us, and it was a going concern, and the papers 
that they heard and the scientific matter that they put 
forth at that time were an envy to us all here. In the 
Western group we felt as though something should be 
done. We cast about and found that there was an 
equally enthusiastic group in the East, but we in .the 
West were all young fellows. 

In the East it was quite different. We found a man 
who was then forty-six years old, who was really the 
leader, and do you know that we have the great and 
unusual honor of having him here tonight? It was 
due to Nathaniel S. Keith, sitting yonder, that the 
matter was thoroughly stirred up in the East, and 
finally a petition was circulated, which never got West, 
by the way, containing the names of those who were 
willing and anxious to see such a society formed. 

That body got together on April 15th in the rooms 
of the Civils. I have one or two pictures which I 
have had taken showing how that building looks 
today and about how it looked when we went up the 
steps that night, May 13, just one month later. 

The meeting in April succeeded in getting ten more 
names on this list: of “Come, Jet us have one,”’ and the 
time of the inaugural meeting was then settled upon 
as the next month, Tuesday, May 13, and then we 
felt as though we had in sight our Institute, our dream, 
and so there were five of us in Chicago who were going 
to start. Two dropped out and finally two more, and 
it was wished on me to come down and do my part in 
swinging my arms and seeing to it that the Institute 
was put on the map. 

So I came, arriving in New York as I remember, at 
ten o’clock in the morning and proceeding directly to 
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the Astor Library and working there all day. I don’t 
suppose any of you know that the Astor Library never 
had any artificial illumination. They found that gas 
ruined the books, so they couldn’t have gas, and Edison 
hadn’t come on the map yet, so they had no artificial 
illumination and I was turned out at early candle light 
to get my dinner and proceed to the rooms of the 
Civils, 127 East 23d Street, away uptown, to attend 
the inaugural meeting. 

Getting my dinner early in that way, I happened to 
be the first, if not the very first, up in the rooms. As I 
remember, I waited quite a little time and the second 
man to appear was Dr. Keith, come to see his child 
born. I complained to Dr. Keith. I said, “How is it 
you fellows in the East do so much talking? Do you 
really do anything?” 

He calmed me down and told me to wait, that the 
people in the East possibly would be a little late, but 
they would be right there, which they were. Some 
forty of us gathered there in the rooms. 

One little incident in the first meeting was that we 
had Mr. Edison there, and that was a long time before 
we knew it was impossible to get him to speak. So 
T. Commerford Martin, and some of the others con- 
cocted a scheme to head him off from going upstairs, 
and we would rush him from below, and when he got 
halfway up, we would all say, “Speech.’’ That was 
before we. knew he would rather climb under the table, 
which he did-in ’93, rather than make a speech. But 
we totally failed to elicit anything from Thomas A., 
although he was the greatest electrician of the time. 
That was the word that was used, as I will quote pres- 
ently, and you will notice how different our nomencla- 
ture is at the present time from what it was then. 

He, however, made his bow, and as you may not 
know, he was looked upon as the great successful 
electrician. I must use the terms of that time. He 
had not long previous to that time sold to the tele- 
graphic interests his quadruplex and it was noised 
around that he had received four hundred thousand 
dollars for it, and that was a stupendous urge to the 
young imagination. He was a young man at that 
time, as of course, you know. But some of the observa- 
tions that might be made with regard to the personnel 
might be stated as indicated by the fact that we elected 
Norvin Green as our first President. 

He was the President of the Western Union Telegraph 
Company. That was the system of electrical engi- 
neering in that time, and a cross-section of the activities 
would show wonderful progress on the part of the 
Telegraph Company, and, of course, a wonderful 
steady progress which just before that had been made 
by the Telegraph Company by getting four messages 
over the line, something that Dr. Jewett now smiles at. 
It is so easy now to put a great many telephone and 
telegraph messages over the same wire. 

In those years the membership was to be as follows: 
(this is from the Elecirical Review). The electricians 
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must have been very active in those years. Here were 
three live journals reporting this meeting. The 
description of who could become members and who 
could not is rather amusing. 

‘“Vfembers are those who may justly be called elec- 
tricians because of professional employment and general 
recognition as such. All others are to be associate 
members, persons who are connected with electrical 
matters directly or indirectly, but not ranked as elec- 
tricians. ‘Thus the president of an electrical company 
might or might not be entitled to full membership, but 
there would be no question of the professional elec- 
trician, employed by such a company.” 

Our light at that time was nearly all arc lights. 
Edison, just a year and a half before in September, had 
just set into operation the Pearl Street Station, and 
divided electricity, which our English savants said 
couldn’t be done, but he just used horse sense. He 
said, “The gas mains go down the street and are tapped 
for individual residences. Let’s do the same thing 
with electricity,” and he did it. He put it over, and 
that is one of the reasons we are here tonight, because 
that was so wonderfully successful. He had started 
the Edison Company then. The Brush Electric Com- 
pany was our oldest company, dealing entirely with 
arc-lights. Streets were illuminated and municipal 
companies had been formed, but just a little before 
that time there had been a junction formed between 
our redoubtable Elihu Thomson, whom you will hear 
from here tonight, and the great C. A. Coffin, whose 
dream was the General Electric Company. Few 
people live to see their dreams blossom and come into 
full fruition as Dr. Thomson and Mr. Coffin have. 
All honor to them both! 

It was about this time that Edison saw fit to curtail 
the great long legs of his generator and find that spind- 
ling legs were out of style, and they could be shorter 
and plumper and still do the same work, and have a 
higher efficiency, as I remember. 

But Edison, in those days, wouldn’t have anything 
to do with the conception that the whole potential of 
a great system could possibly behave so ridiculously 
as to change its mind as to the direction in which the 
potential was impressed upon that system, especially 
as frequently as one hundred twentieth of a second. 
That was unthinkable! It was the marvelous con- 
ception and intuition, almost, of Elihu Thomson that 
said, ‘Yes, we will take that whole network and change 
our minds every one hundred-twentieth of a second,” 
or as I remember, we had 125 cycles per second, and 
that was the means of distribution over the territories. 

It was the initiation and bringing forward of the 
alternating current system that made the great expan- 
sion of the Thomson-Houston Company, which trans- 
cended upon us. I was swinging my arms in Chicago. 
I had my share of the trade in arc-lighting, and we had 
a great many cities in the West, Sperry towns, we 
called them, but it wasn’t very long before the alter- 
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nating current and its capacity to give us live distribu- 
tion of light in small units came along, and becamea 
tremendous competitor, and finally won out as we all 
know. | 

The Hochhausen Company was also in operation at 
that time and the Western, as you remember. When 
I got to Chicago I found one plant running and that 
was the Western plant at the Grand Pacific Hotel. 
The Brush Company had been in two or three years 
before the rest of us and they had a number of towns 
in the East and West lighted by arc-lights. 

One of the great troubles that we immediately 
discovered when we commenced to put in are illumina- 
tion with these municipal plants in the towns, was the 
terrific interference with the telephone. The tele- 
phones in those times, as you remember, were one 
wire. Nobody was making any money. They were 


poor, struggling concerns in little and big towns, as 


was our own company, and to think of having two wires 
for one conversation at that time was impossible, 
and it was less than a year until the National Electric 
Light Association was formed by a convention called 
together of all the arc-light producers in America, to 
see what on earth we could do to get rid of the very 
great interference with the telephone company. 

The town council would make us put our poles on 
one side, and the telephone people on the other side, 
and yet whenever we started our plants, and especially 
when the Thomson-Houston Company with its sinful 
three coils came in, the induction was something fierce 
and every telephone went bad. 

We claimed that the telephone wasn’t very much 
account and we couldn’t use it when it stormed anyhow 
and we couldn’t use it across any large intervening 
space, and they claimed that our lights hissed and were 
too strong and didn’t amount to anything anyway. 
There we were. 

At the time of this convention, (allow me a word; 
I told this tonight at dinner, but it is really worth 
repeating), an envoy from the great Theodore N. Vail 
rose up in the meeting and said, “‘I represent Mr. Vail 
of Boston. He sent his regrets that he couldn’t be 
present in person.” 

Then he took out of his pocket a little document 
which showed the greatness of Theodore N. Vail at 
that early date. The document went on TOES yee LU 
is a thing that we will overcome, this interference of 
the service one with the other. All we have to do is 
be patient with one another. Be patient and you will 
find us ready to do everything we can to help the cause 
along.” 

Think of the beautiful spirit! There is in this room, 
and is to speak from this platform, the boy that solved 
that problem within that year, General J. J. Carty. 
He found such wonderful effects by twisting 


two wires together and using the two wires for con- . 


versation that it spread like wildfire. Before the year 
was over, our poor telephone companies who weren’t 
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making any money adopted the system and our troubles 
were over. So it was the telephone company after 
all that did it. We swung our arms and found much 
fault, but did very little, and it was through the wonder- 
ful initiative of Vail and his great organization that 
that thing was straightened out. 

Now, it is a strange thing that this last winter the 
meeting of this very Society had as its keynote the very 
self-same thing, and the cycle is about forty years. 
I should like to be on earth and know what comes 
around forty years hence. 

Mr. Sperry then showed several views of the first home 
and the first secretary of the Institute. 

PRESIDENT RYAN: The next speaker, who on the 
occasion referred to by Mr. Sperry could not induce 
Mr. Edison to speak, did succeed in making him speak. 
We members of the American Institute of Electrical 
Engineers as it exists today, have all a great inheritance. 
from him. He did a wonderful work in the early days 
of the Institute in helping the organization to get 
down to a plan of running its meetings, conducting 
discussions, in reporting the same, and in broadcasting 
the results of these activities. He is one of the Past 
Presidents of the Institute, one of the early Presidents, 
Mr. T. Commerford Martin. 


ADDRESS OF Mr. MARTIN 


Fortunately it is not like deciphering palimpsests to 
get down to the fundamental data concerning the early 
history of the American Institute of Electrical Engi- 
neers. The inmost rings of its growth are still very 
close to the bark. While not extant in lavish profusion, 
the printed record may still be found on many library 
shelves, and stray beams of human memory still flicker 
over the archives. 

The creation of the Institute coincided happily with 
two other notable occurrences in electrical development 
on this Continent. It was a corollary of both; while 
all three events may be definitely traced and attributed 
to that ancient splendid exemplar of scientific leader- 
ship, the Institute so well named after out great pio- 
neer, the Immortal Franklin. Dating from the Cen- 
tennial Exposition of 1876 with its memorable exhibits 
such as the Bell telephone, the Edison telegraphic 
inventions, and the Wallace-Farmer arcs, there had 
followed a period of electrotechnical advance unparal- 
leled before or since. The Franklin Institute in 1883— 
with the same prescience that has just led it to bring 
over J. J. Thomson to lecture on the electron—felt that 
the times were highly propitious for the First American 
Electrical Exhibition, to excell those of London and 
Paris. The Franklin Institute might well have waited 
for the full decade after 1876 to elapse; but it is not in 
the nature of Philadelphia to wait when it wants any- 
thing whole heartedly. Moreover, the British Associa- 
tion for the Advancement of Science was meeting in 
Montreal in 1884 and would bring a whole swarm of 
European scientists and physicists across the Atlantic. 
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These could be lured Southward from Canada to the’ 


projected Electrical Congress the same year, timed to 
synchronize with the Exhibition; while they would not 
easily retrace their steps later, if the opportunity to 
enroll them were pretermitted for a year or more. 

Hence, with two such compelling factors as to 1884, 
the Exhibition and the Congress, it was indeed, inevi- 
table that the foundation of the A. 1. E. E. should occur 
in that year. Possibly there was some propaganda 
traceable to Philadelphia and the Institute, but it was, 
if so, wholly desirable and necessary, everybody felt, 
that not only to greet fraternally the visitors from 
abroad, but for the sake of the art itself, there should 
now be a national electrical engineering society, before 
any time was lost. Crystallizing with energy and 
enthusiasm, all the ideas and impulses finding vague 
indefinite expression, Dr. Nathaniel S. Keith published 

-in April, 1884, his memorable circular reprinted on the 
very first page of Vol. I of the Transactions of that year. 
That circular, prepared and issued by himself and 
colleagues, among whom the present writer is proud to 
be included, was submitted to the leaders in the electri- 
cal field in various parts of the country, with separate 
name sheets that could afterwards be assembled and 
thus permitted simultaneous canvassing even in 
quarters that in those highly-strung days were avowedly 
hostile and antagonistic to each other, but all of which 
recognized the common need of a central technical 
authority without bias. It was convincing also to be 
able to point to the American Society of Civil Engi- 
neers founded in 1852; the American Institute of Mining 
Engineers, in 1871; the American Society of Mechaniale 
Engineers, in 1880, ‘““which have been so prosperous 
and of such great advantage to their members.” Be- 
sides that, none of these bodies made any provisions for 
“electricals” as such, and even if Sir William Thomson 
said that “electricals” were “nine-tenths mechanical,” 
that would perhaps not always be true; and it needed 
more than that to thwart the sound normal American 
instinct to organize another Society whenever a decent 
chance offers. 

All went well. The Roster lists were carried upstairs 
and downstairs and into the magnate’s chamber, and 
failed not once of the signature sought. Advice and 
help came freely from the Franklin Institute, never out 
of touch, and at last on a dirty, miserably wet night, 
Tuesday, April 15, 1884, the first meeting was held for 
organization, with an excellent attendance. Pre- 
liminary work had been done carefully, and the stage 
was quickly set for Tuesday, May 18, when the Com- 
mittee on Organization reported not only a complete 
slate of proposed officers, but a brief Constitution. 
Both were unanimously adopted and can be found 
fully set forth in Volume I of the A. I. KE. E, TRANSAC- 
TIONS now an exceedingly scarce document,-but still 
available bound up usually with the three subsequent 
Volumes. The first Constitution, admirably brief, 
was adequate for the times. It has been frequently 


FORTIETH ANNIVERSARY CELEBRATION 


Journal A. I. E. EH. 


enlarged and modified, but Constitutional amendments 
are not always and wholly admirable. 

The rendezvous for all those meetings in 1884 and 
others, for a year or two later, was the stately old home 
of the Civil Engineers, 127 East 23rd Street, where its 
courteous and efficient Secretary John Bogart, later 
State Engineer and consulting engineer for Niagara 
Power development extended a most cordial welcome. 
Then and later, until the splendid gift of Dr. Carnegie 
came and the United Engineering Building was erected 
on West 39th Street, the various Societies occupied 
others like it—fine old typical New York dwellings. 
Indeed, for the Electricals, a serious effort was soon put 
forth to secure the charming old home of Morse on 
West. Twenty-second street, just off Fifth Avenue; and 
to make it possible, the writer offered to occupy with 
his family one or two of its upper floors for a rental that 
would guarantee the investment. But negotiations 
with the owners, the Bourne family, fell through on the 
score of price. The Twenty-third street region was 
then at a high crest of values, and was marked for com- 
mercial devastation. The Civil Engineer rooms were, 
moreover, admirable for their purposes, and there were 
no strings to the welcome except an injunction from 
Bogart to keep down the gas bills-——talk after 11 wasn’t 
worth it. 

The Institute was fortunate in its first President, 
Dr. Norvin Green, a towering, swarthy Southerner, 
who had long before ridden the circuits as a rural doc- 
tor with pills and plasters in his saddle bags, and who 
out of the ruck of provincial presidencies of subordinate 
telegraph companies had lifted himself to well won 
supremacy as head of the Western Union Telegraph 
Company, with headquarters in New York. He was 
leadership personified, and out of scant leisure, he gave 
the best that was in him to the affairs of the tiny Insti- 
tute, in whose opportunity, necessity and mission he had 
a profound belief. He was always available for Execu- 
tive and other Committee meetings, with prompt sug- 
gestions for diplomatic and practical disposal of prob- 
lems. But he was much more than a formal President. 
His warm Southern blood, like his sympathies, ran 
swiftly, and he loved to temper debate with anecdote. 
Pat to the occasion or incident, rollicking good stories 
would come in delightful succession from their endless 
store of a born raconteur: and even if it was maybe “at 
long interval,” his board meetings might well be com- 
pared with those of Lincoln and his cabinet. It was, 
indeed, easy for Dr. Green to set an example on attend- 
ance, for he lived in cosy apartments quite nearby, 
where hospitality was more than the proffer of a dry 
cracker. 

Equally fortunate was the Institute in its first Secre- 
tary, Dr. Nathaniel S. Keith, who still lives, un- 
quenched, and can tell his own story, but who deserves 
the tribute of his colleague and successor. A master 
of his own mining profession, he was a skilled and ac- 
complished electrical engineer, which then meant more 
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than plain electrician. He was studiously familiar with 
foreign electrical literature, from which he translated 
one of the first and one of the best German treatises 
on dynamo electric machinery, an art then obscure and 
occult. He was a brilliant technical journalist, and 
entirely competent in the politic arts and graces of 
secretaryship. All he lacked just then was the gift of 
continuity, for no sooner had heseen his hopes and ideals 
realized in the foundation of the Institution than he 
went to the furthest West, to stay for years, to grow up 
with it and electricity, and become the first American to 
build any kind of electrical machinery on the Pacific 
Coast. He left as a timid successor and probationer 
the present writer, his equal only in faith as to that 
future of the A. I. E. E. which they had forecast with 
buoyant optimism. 

Other honored names might well be mentioned here 
and dwelt on, of those who at the very start gave their 
highest endeavor to the fostering and upbuilding of the 
Institute—in Philadelphia, Carl Hering, E. J. Houston, 
W. D. Marks; in New York, C. O. Mailloux, Joseph 
Wetzler, ‘‘Steve” Field, nephew of Cyrus, Francis Jones, 
George Hamilton—in the East, Thomas D. Lockwood; 
in the West, Elmer T. Sperry—but it must suffice to 
signalize Franklin L. Pope, the second President, and 
a Vice-President for 1874-5. Not long before, he and 
Edison together had in telegraphic journals announced 
themselves to the world as “electrical engineers;” and 
diligent search has failed to encover any earlier attri- 
bution of that honored title for the new profession and 
the new practitioner for whose legitimate working 
spheres no limits have ever yet been found in the electri- 
cal era now beginning. Pope’s brief Presidential 
valedictory, in May 1887, was characteristic of his 
broad outlook, and not less typical of his simplicity and 
modesty in omitting any reference to the highly useful 
work he had done as organizer and administrator. A 
scholar and student, author of technical textbooks, he 
came from that wonderful group of well-trained, well 
equipped telegraphers whose scientific class room was 
the noisy- key-clattering office of a commercial company 
but had there learned the secrets whose mastery car- 
ried them to leadership in all our later fields of mar- 
vellous electrical achievement. Ponderous in move- 
ment, slow in speech, deliberate in action, pontifical 
in dignity, Pope was far more the conventional English- 
man than he was the born Yankee—until some cause 
like the Institute moved him to unsuspected depths, 
and he became transfigured with the vision glorious. 
Never was the chair of the Institute more worthily 
filled by an “electrical engineer” than by him who first, 
in unwitting prophecy, gave himself the accolade of that 
appelation. : ; 

Reference has been made to the hospitable halls of 
the “Civils” as the home of the Electricals, and rallying 
place they were for a few years. But fortunately, the 
Institute officers decided early that an annual meeting 
would not suffice, so the young Society made a practice 
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of getting together at frequent intervals for papers and 
discussions—in New York, of course, as only there 
could a good membership attendance then be registered. 
The writer’s report as Secretary—the first ever made to 
the Institute, dated May, 1885—stated proudly that it 
then had already 279 members and associates; but they 
were “‘in all parts of the country.”’ It has been interest- 
ing to see resumed in the last year or two the local New 
York meetings that marked the initial stage of Institute 
work, although to insure a good attendance and be 
comprehensive, topics are now chosen that will interest 
local members of all the four national engineering 
societies. The writer has enjoyed lately several ex- 
cellent meetings of this character. This offsets also the 
centrifugal tendency which has scattered such members 
so widely over the huge metropolitan territory, in which 
one can now hardly ever go home to dinner and get 
back for the meeting. Forty years ago, most members 
lived in close proximity to the meeting hall. It was 
thus found desirable and feasible to get together every 
few months in “special meetings” when, no matter 
what the topic, a very large percentage of the local 
members turned out. Especially was this the case 
when the meeting was held at some restaurant, with 
preliminary dinner, and it is curious to note as a sign 
of local changed times and conditions that some of those 
meetings were held as far down town even as Broad 
Street, or else Broadway South of City Hall. One very 
far northern rallying point was a famous restaurant 
cafe, Martinelli’s, on Fifth Avenue, south of Madison 
Square. In his Presidential address, Mr. Pope said of 
the “Special’’ meetings in his seat that they ‘‘have 
proved to be most successful and enjoyable reunions 
and have certainly done much to strengthen the 
Institute.” 

But all that fades into relative insignificance before 
the great functions with which in Philadelphia in 1884 
the Institute was so closely associated and to promote 
which it had, on its creation, joined hands most 
promptly with the Franklin Institute. The first of 
these was the Electrical Congress of 1884, the first 
It was a most 
successful affair, marked by large attendance from 
abroad—notably such menas Sir William Thomson and 
W. H. Preece—by brilliant and animated debates on 
the definition and establishment of fundamental 
electrical units. Even at this remove one can recall 
vividly the masterly presentation by Prof. Harry 
Rowland of his great work in the determination of the 
Ohm. The good results of this first American Congress 
made it easy even in the panic year of 1893, to bring 
together, again with distinguished visitors from abroad, 
notably Von Helmholtz, the Electrical Congress in 
Chicago. This again was accompanied by a splendid 
electrical exhibit as part of the Columbian World’s 
Fair. é 

But as the Institute is tenting and camping tonight 
on the old battlefield of 1884 here in Philadelphia, it 
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may forgive—even expect—a casual peep at its own 
modest little performance of September and October 
that year. The Exhibition Building was the spacious 
old West Philadelphia depot of the Pennsylvania 
Railroad Company. There the Franklin Institute had 
generously placed two large rooms at the disposal of 
Dr. Keith. They were fitted up comfortably by 
him and were open to members and guests from Sep- 
tember 2 until October 11. Asa great many members 
were actively connected with the numerous fine exhibits 
of electrical and steam apparatus, those Institute 
headquarters were immensely useful and popular. 
Everybody met there every day. On October 7 and 8, 
the first convention ever held by the Institute was 
conducted in the rooms and at the fine old Continental 
Hotel—the Bellevue-Stratford of its day as to splendor 
and comfort—but fortunately not as to prices. The 


report of that 1884 Philadelphia Convention constitutes ° 


the bulk of Volume I of A. I. E. E. TRANSACTIONS— 
traversing such diversified arts as to wireless, under- 
ground wires, multiplex telegraphy, earth return, car- 
bon filaments and the incandescent lamp, batteries 
and electrochemistry, electric roads and subways, 
the Edison vacuum bulb effect from whose study such 
extraordinary results in electricity and physics have 
followed, and some of the first explorations of the 
dynamo. It was and is all in harmonious precedence 
and prophecy of such a program as that of this week 
for the Twelfth Midwinter Convention. 

The Exhibition, the Congress and the Convention 
were soon followed by a most valuable series of Jury 
Reports issued by the Franklin Institute, on the 
Exhibits, and to the preparation of which a large 
number of A. I. E. E. members contributed in various 
important ways, notably such experts as Prof. E. J. 
Houston and the indefatigable original “man from 
Missouri,” Dr. Carl Hering. Nor was that all in the 
way of electrical literature springing from the events of 
1884. Dr. Houston, confirmed and inveterate peda- 
gogue, issued during the Exhibition an admirable little 
series of electrical leaflets. Their matter and manner 


were cleverly mimicked and plagiarized in a rival series - 


issued by the Mystic Order of Kazoos. Frank and 
open confession may here and now be made that the 
cosy rooms of the Institute were just as convenient 
for their surreptitious writing and publication, as for 
the preparation of Volume I of the TRANSACTIONS 
of 1884, then undertaken by the writer with valuable 
Keith collaboration; soon to be followed by Volumes 
2, 3 and 4, from the hands of Secretary Ralph Pope, 
elected in 1885, author of the excellent first A. I. EK. E. 
YEAR Book. Some of the quips and jokes of the 
priceless Kazoo leaflets were part. of electrical haus 
spreche for many years thereafter. Almost up to the 
moment when before the Institute a score of years ago, 
Steinmetz enunciated his epochal ‘‘Law of hysteresis,” 
one could hear once or twice a week at least, as com- 
ment on alleged advances in the dynamo electric arts, 
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a laughing quotation of the similar Kazoos’ apothegm 
that “Dynamos may be painted any color without 
increasing their efficiency.” 

Yes, there is still some vital savor, some drop of red 
blood, some human appeal in all the dim and dusty 
records of humble beginnings on which rests with 
superimposing crush the colossal electrical structure 
of today. As President in 1887, the writer was proud 
to assert that the total capitalization of all American 
electrical industry was about $375,000,000. This 
week the Institute awards its Edison Gold Medal to the 
member whom it has recognized as chief engineering 
exponent of just one of its industries—that of electric 
light and power—which alone has now attained an 
investment of Six Billion Dollars, and employs thou- 
sands of its member electrical engineers in most varied 
capacities. 

Best of all, perhaps, above and beyond the archaic 
technical record of those early dingy volumes of 
“PR ANSACTIONS” is the undying evidence they embody 
that even then while the older men were prophecying 
estactically as to a world to be wholly electrified in the 
near future the young men were transforming wild 
dreams into sober realities as arts and industries, 
careers and utilities. A great national society that 
had the courage to take for its third President an 
untried young man of 30, still calls youth to its banners, 
must forever renew its own life from the well spring 
of youth, and will forever with higher aims, higher 
ambitions, higher aspirations, higher service, interpret 
the engineering science that leaves no department of 
human affairs without benefit of its healing touch, 
and asseverates truthfully and reverentially ; “Behold, 
I make all things new!” 

PRESIDENT RYAN: The next speaker is an eminent 
American who is responsible among other things for 
having caused General Carty to put those twists into 
the telephone that serve us so well today. He did 
many things of wonderful value aside from that. 
He gave us the first electric meter that the customer 
could read, and with which to satisfy himself in regard 
to his bill. 

We have had three great international electrical 
conventions in our country, two of which, as I remem- 
ber, were referred to by Mr. Martin; the first being 
the one in Philadelphia under the auspices of the Frank- 
lin Institute; the next one in Chicago, in 1898, and 
the third and last one in St. Louis in 1904. 

This gentleman carries the fine distinction for us in 
this country of having been elected unanimously 
President of each of the last two international electrical 
congresses. 

I take very great pleasure in calling him up to speak 
likewise of the early days of the Institute. Mr. Martin 
has spoken of the wonderful things that are to be 
found in the archives of that day. I must speak of the 
gentleman who will thus quickly be called up as a 
prophet, for if you do not realize that he is truly one of 
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our great prophets, turn to the TRANSACTIONS in the 


3 fall of 1889. He was the President of the American 


Institute of Electrical Engineers in that year, and 
while in London was inspired to speak in a prophetic 
fashion. It is truly wonderful to read what our 
TRANSACTIONS say at that time. 


ADDRESS OF DR. ELIHU THOMSON 


In commemorating, on this occasion, the completion 
of the fourth decade of our Institute, it is difficult for 
us early pioneers to realize that much of our present 
- membership has no knowledge, from actual contact, 
of the beginnings of our Institute, from which have 
been built up the enormous volume of electrical engi- 
neering today. Incidentally, it has given birth to 
the profession which our Society represents, the pro- 
fession second to none in the wide world. 

As its President, as has been mentioned by our own 
President now, in the fifth year of the existence of the 
Institute, it was my duty to represent the Institute at 
a large gathering and dinner at the Guild Hall in 
London, at which about three hundred of the most 
prominent engineers of London met, and a visiting 
body of Americans,: mostly Civil, Mechanical and 
Mining, with a sprinkling only of those who had begun 
their activities in the electric side of engineering. I 
felt almost as an interloper, a trespasser on the older 
domain, but did my best to dignify the new profession 
in response to a toast to our infant society. 

I want to interpose here that just before I was 
called upon to speak, naturally a youngster among a 
great many much older men, [| received a message. 
The speaker who represented the American Society 
of Mechanical Engineers couldn’t be heard ten feet 
away. I was close to him myself, and I couldn’t hear 
what he was saying. He read too meekly altogether, 
and there was such a roar in the audience that nobody 
could expect to be heard even if he talked much louder 
than he did. 

At that moment I received a little scrap of paper from 
Professor R. H. Thurston of Cornell. He said, ‘“Thom- 
son, it is your turn next. For God’s sake, get them 
back. Get them back, for God’s sake.” 

I nodded to him I would. Now, it was a big job for 
any one to do, but I yelled as I never yelled in my life 
before. I took in my lungs full, and I let it out with 
almost every word, and the actual fact was that I did 
get them back. 

They quieted down, and I think most of them heard 
everything I had to say. I have forgotten what it 
was all about, but I was bound to make this little 
engineering institute count for something, even among 
that great body of men, and I was free in my predictions 
of what was to come in the electrical engineering field, 
naturally, because I believed they were to be true, and 
whenever I have made such predictions and found out 
afterwards that they actually happened, I found that 
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several hundred per cent more has happened than I 
could possibly predict, so I was justified. 

Lord Kelvin, then Sir William Thomson, was there. 
We had met once before at Philadelphia at the Elec- 
trical Congress in 1884, held in connection with the 
Franklin Institute Electrical Exhibition in the fall 
of that year. I have liked to regard him as a represen- 
tative of the theoretical and practical side of electrical 
engineering. He it was that first understood the 
meaning of capacity and inductance in submarine 
cables, which led to the laying of the first Atlantic 
Cable in 1866 after the failure in 1858, due largely to 
imperfect knowledge of others. 

His insight at that early day was most exceptional. 
Not since the days of Franklin’s kite experiment here 
in Philadelphia, had there been any electrical engi- 
neering undertaking of any magnitude. 

Franklin’s lightning rod was a great thing and 
still is the foundation of our protective means for 
lightning. 

Except for a lighthouse lamp here and there run by 
alternating current a single generator to a single 
arc-light there was not until about the middle of the 
decade between 1870 and 1880 any marked progress 
in what might properly be called electrical engineering 
outside of land and cable telegraphy. 

There was no field for one who felt that his tendencies 
led him in the direction of large electrical application— 
he must create that field. At the centennial exhibition 
of 1876 here in Philadelphia, there were only two 
exhibits of dynamos in action; the Gramme, unique 
as it was, and the Wallace-Farmer; the latter long 
ago obsolete because too inefficient. Both of them 
were a development of the ideas of Paccinotti of the 
previous decade. 

Here and there was an example of the earlier shuttle 
wound armature Ladd and Wilde machines, and the 
only one of which I knew as existing in this country 
was at the University of Pennsylvania in the collection 
of philosophical apparatus. I knew Professor Robert 
E. Rogers, who was professor of natural philosophy 
at the University. When I first saw this early type 
of dynamo operated in the years just after 1870, I 
remember standing before it spellbound. Something 
of the significance of thus turning mechanical power 
into current for the future overcame me, though the 
machine itself was crude and inefficient. The earlier 
types of permanent magnet machines of Saxtor and 
others made no such impression. The magneto electric 
had given way to the self-excited field machine of 
unlimited power and capabilities as seen by a sort of 
prevision. This principle of self-excitation came to be 
known as the “reaction principle’ and was discovered 
in 1866. 

The Gramme exhibit at the centennial in 1876 was 
made more impressive by the use of such machines 
as an electric motor in addition to running single arc- 
lights, one to a machine. 
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It is well known that the telephone of Bell was first 
shown in operation to a body of scientific men among 
whom was Sir William Thomson, at the centennial 
in Philadelphia. 

A curious accident which may be known to some of 
you, but not to others, I may as well relate. Sir 
William borrowed from Bell a couple of instruments, 
the magnet telephone. The two instruments were 
electro-magnetic, the one to talk into and the other to 
listen from. He took them abroad with him. He 
tried to show these two instruments to the Royal 
Society in England, and he failed in getting the instru- 
ments to work. Some little accident had happened to 
the support of the diaphragm and prevented the 
operation. That little accident saved the Bell patents 
in England. If that instrument had worked there 
would have been no possibility to have gotten the 
Bell patents in England. A patent there depends 
upon the introduction publicly of the invention, and 
as Sir William would have been the one to introduce 
it publicly and not Bell, Bell couldn’t have had any 
patent. 

That was one of the accidents of fate, only it hap- 
pened in that case favorably to Mr. Bell. 

There was another thing that happened in those 
days, not so favorable to Mr. Bell. When the German 
Patent Office was asked to grant a patent on Bell’s 
telephone, they said, “Oh, no, it is too valuable an 
invention to be patented,” and they refused it. In 
other words, the more valuable a thing a man gets 
up, from the German standpoint, the more definitely 
must he be refused a protection. 

From 1874 on, while living in Philadelphia, I was 
constructing small machines and using them as motors 
and at the close of 1876 had finished a machine which 
required about a horse power to drive it, and which 
would work a small are-light. I had wound the field 
shunt and series as a compound winding and used it as 
such, subsequently finding that a British patent to 
S. A. Varley had already shown such a winding in 1876. 
However, I made use of this machine of mine, in a 
course of five lectures in electricity given at the Franklin 
Institute early in 1877, the object of which lectures I 
had designed to be the demonstration of the fact that 
electricity from any source was indeed the same. 

In 1877 the Franklin Institute appointed a committee 
to investigate the properties of arc-lights and machines 
for running them, one machine to one light, of course. 
Professor Houston and I served on the Committee 
for the electrical measurements, the first, I think, 
published. This was in 1878. . 

Then followed a more rapid advance. The Avenue 
de Opera was lighted during 1878, exposition year, by 
Jablochkofft candles, later found too expensive. Brush 
brought out out early in 1879 his series system of arc- 
lights, closely followed by Thomson-Houston in the 
same year. 

I may say as a matter of personal note that about 
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four blocks west of where we are now, the first T.-H. 
dynamo was built early in 1879. ; 
Its armature had on it the first three-phase windings, 
used with the three segment commutator, of course. 


' The patent application showed the winding of today 


connected to collector rings for a-c. current. 

The machine was the very first of its type though of 
about five hundred volts and ten amperes or about five 
kw. No model had been made, but so confident was I — 
of the merit of the construction for constant-current 
work, that I was willing to risk success. It worked 
perfectly from the start and lighted a bakery, near where | 
it was built, through the summer of 1879, the room 
temperature on account of the large bake ovens reach- 
ing ona hot night 140 deg. fahr. Why didn’t it kill us? 
It did nearly kill two of us, but I was the one not 
affected. 

I am going to give a piece of advice. Houston had 
to lay off from heat prostration. Thomas H. Mce- 
Cullum, interested in the matter, had to go off from heat 
prostration, but I didn’t, and the reason was before I 
got hot enough to feel very uncomfortable I drank 


quantities of ice water. They said, “You will kill 
yourself.”’ 
“No, Iwon’t. Iam keeping my temperature down,” 


and it worked. 

In 1880 our newborn enterprise was taken to New 
Britain, Connecticut, and later to Lynn, forming the 
nucleus of the great works there. 

Another little personal note I may interject here. 
When I got to New Britain, it was a manufacturing 
town in the interior of the State of Connecticut. Hard- 
ware, tacks, nails, hinges, and everything of that kind 
were made there. They did not know anything about 
electrical apparatus, and didn’t appreciate what we 
were trying todo. We got to Lynn as soon as we could, 
but nevertheless there was a Western plater in one of the 
shops. Probably some of you know the old type of 
multiple revolving generator. 

I was the electrician (not the electrical engineer) of 
the town at that time, and they asked me to come and 
see that machine. I said, ‘Send it over.’’ They put 
it on a wagon and sent it over. We found it was a 
machine of fairly large size used for working the plating 
bath in these hardware operations. I turned it over 
and took a monkey-wrench and tightened a screw on the 
bottom. One of the nuts that tightened up the con- 
nection was loose, and of course, with such a low voltage 
as plating voltage, the current couldn’t cross that kind 
of a joint. 

Late in 1879 Edison had settled on carbon as the 
material for a burner or incandescent lamp filament and 
the famous Menlo Park exhibition of such lamps run- 
ning in parallel from a dynamo took place at the close 
of the year. 

Years elapsed before the prodigious work of producing 
the much-needed appliances in such a new art as incan- 
descent lighting was accomplished. The Pearl Street 
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Station in New York, with its direct connected jumbo 
dynamos and underground distributing mains, was the 
outcome in 1882. 

The following year the Brockton Edison station was 
opened as the first example of city distribution by three- 
wire circuits. The pace of development was from now 
on rapid, but we have now about reached the time of the 
organization in 1884 of our Institute, and later that of 
the first electrical exhibition in the fall of 1884, in 
Philadelphia, the Franklin Institute exhibition where 
were shown in one building all the notable advances 
made in the years preceding. 


I will not attempt to catalogue them, only to say that 
this event was, as it were, a most fruitful and interesting 
landmark in the electrical progress in our country. 

Edison in 1875 had thought he had a new force, 
etheric force. Mr. Houston and I thought it was 
electrical and set about proving it. The whole account 
of it was published in the Franklin Institute Journal 
’ at the time. At the conclusion of the experiments,I 
said, ‘‘Let’s do this thing on a big scale.’’ So we set a 
tin vessel on a table, attached one terminal to the coil, 
and the other was connected under the table, this being 
insulated and had the sparks connected. When we did 
that we could go all over the building and outside and 
explore by a pencil point, which by the way, Edison had 
used as a detector. We went to the observatory, five 
floors away, and we could get from doorknobs a signal 
that the machine was in operation on the first floor. 


This was at the old Boys Central High School, North 
Broad Street, about a mile away from here. The build- 
ing is still there. 

Was there before this anything suggestive of wireless? 
Yes, there was. In the old Boys Central High School, 
a‘small set of experiments was made in 187 5 and 1876, 
pointing that way. They have been detailed elswhere. 

Was there anything of transformer work known in 
those days? Yes. In the Franklin Institute lecture 
room in February, 1879, were run two transformers 
(induction coils) with their fine coils of many turns in 
parallel from the collecting ring end of a dynamo 
which had been constructed to be self-exciting and yield 
a-c. currents. 

There were no incandescent lamps for the coarse 
short wire secondaries, so we had to be content with 
semi-incandescent lamps with carbon and coils of iron 


wire heated red hot. This is probably the first time- 


such a combination was used, little else pointing the 
way. 

In New Britain one of our first jobs (I am trying to 
give you a picture of the electrical engineering of the 
time) was to find out what, if any, was the loss In an 
armature core of adynamo. Some had said there isn’t 
any loss in the iron, and others had said there is a lot 
of loss in the iron. Some had said that if you use 
insulated wire you wouldn’t get any loss, or very little, 
if you use bright wires you will, for winding the cores. 
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We didn’t have sheet metal. I will tell you later 
about that. 

So we set up a dynamometer, built the armature cores 
and ran into the excited fields to determine how much 
loss there really was in the iron, and we found, the iron 
varied and the loss was in some cases much greater than 
others, and we selected our iron wire accordingly but 
we always found there was a loss outside of winding and 
oil, but it was very difficult to determine how much it 


was. It was not so serious a loss as compared with the 
resistance loss in the copper. So.we had to go along in 
that way. 


I want to say that sometimes we had to go to the 
Patent Office in those days to tell the Patent Office what 
we were about. They didn’t understand. I tried to 
tell them something about the reactance induction coil, 
how it worked like resistance. They said, “You can’t 
tell us that.” 

So I had to go down and make an elaborate descrip- 
tion. Think what the trip to Washington cost us in 
those days! You left Philadelphia and went to Balti- 
more. Through the streets of Baltimore was a line of 
mule teams, and they took the coaches and pulled them. 
That was in 1880. Those whose memories can carry 
them back to that time will bear me out. It wasn’t 
an easy job to get to Washington in those days. 

Everything in those days depended on regulation by 
hand, and it was only later that we got into automatic 
regulation. 

Now, I want to say just a word before I stop as to the 
handicaps we were working under in those days, the 
days just before the organization of this Institute. 

Wire: How and where could we get wire? In Phila- 
delphia there was a bonnet wire factory. As you know 
bonnets in those early days were made of wire, braided 
or wound with cotton. That bonnet wire factory did 
on the side a little business of winding cotton on copper. 
That is the way we had to get the wire for dynamos we 
were constructing. We had difficulty as late as 784 
or ’85 in getting the fine wire in the shunt circuit in arc- 
lights, which should have the same resistance. We 
should have coils of the same resistance; we gaged the 
wire at one end of a hank, and it was smaller than at the 
other end, or larger than at the other end. During 
the time of pulling the thousands of feet of wire through 
that die, the die wore, and the wire got bigger and big- 
ger all the time. That was one of the difficulties that 
we had. 

How could we make coils, that would measure up to 
any definite resistance? Well, I had to take the wire 
makers into my confidence and say, “We won’t buy that 
wire unless you jewel draw it. You have to draw it 
through jewel dies. That is the way it will have to be 
done.”’ 

They set up the jewel dies. They advertised that 
they had now the process of producing wire the same at 
one end as at the other, and they never gave me any 
credit for it. 
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It was the same with the insulations. The insu- 
lations were poor, and our line wire was poor; even bare 
wire was used in those days to distribute are-lighting. 
All of us who go back far enough know that the loops 
that went into stores and the wires on the poles were 
bare copper, and had forty are-lights or more. 

I know one place where they tried to couple up in 
1882 seven of the Brush type in Cincinnati on bare wire 
alone. It is a wonder they didn’t set the whole place 
on fire, but the fact of the matter was, they broke down 
all the machines so they couldn’t set it on fire. , 

We had no slate and porcelain. Mica was used for 
stove doors, and that is all there was, and it was our- 
selves that introduced mica and pasted it together for 
the insulation in our are-light machines. 

Permanent Magnets: We had to study and manufac- 
ture magnets for our meters and study the whole case 
of production of permanent magnets and how to season 
them so they would be permanent. Otherwise the 
meter was no good. Those were the things we had todo. 
Nothing had been done for us.’ Remember the steel 
we had was only tool steel. We hadn’t any special 
magnet steel such as we have now. 

In 1878 there were no telephones. 
eall up anybody by ’phone. 

There were no typewriters. We had to do all our 
writing by longhand, and have it put in a copy book. 
The typewriter came later. There was an awful lot of 
work done in those days that people don’t have to do 
nowadays. 

There were no steam engines in those days, and that 
applies directly to the time of the start of the Institute. 
The engines of those days, except for some special 
instances where they were made for it, were not good 
enough to drive electric machinery. You know the 
old slide valve engine found everywhere. They 
thought they would put electric lights on those old 
engines, and every time they moved the lights went 
up and down. 

It was the development of the high speed engine tha 
made it possible to drive the jumbo dynamo at such a 
speed. It couldn’t give an output without belting. 
Everything was belted before that direct connection. 
All the machines were belted to the engine power and 
subject to the vagaries of old-fashioned governors. 

I could go on and tell you more and more about the 
difficulties, but things came gradually, sheet metal, 
sheet iron. We have been even criticized at times by 
being asked, “Why didn’t .you use sheet iron in those 
early machines?”’ 

We couldn’t get any sheet iron except stove pipe 
irow. That wasn’t any good for magnetic effects. 
We would have been glad to get punch presses and use 
sheet iron, we couldn’t get it. More than that, the 
punch presses in those days were used to punch out pie 
plates. There was not much done. The punch 
press now is the wonderful institution of any great 
electrical works. We had to design our machines to 


You couldn’t 
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fit the tools we had in the shop. If we did not have a 
big enough planer to take a machine, we had to design 
a machine so the planer would take it. That will 
explain some of the designs that we had to use. We 
didn’t have any steel castings in those days. There 
weren’t any steel foundries that were producing steel 
castings. It was only in 1886 that we established a 
steel casting foundry in Lynn. 

I will weary you if I keep on, but I wanted to give 
you a sort of an idea of the fact that things were not 
in those days as they are today. 

PRESIDENT RYAN: The first year as instructor in 
college, I was called upon to proctor in an examination 
in Greek life. It was a new experience. I looked over 
the list of questions and found that there was but one 
in regard to which I could conjecture anything. How- 
ever, I had no responsibilities in the matter in that 
regard. It didn’t matter whether I could conjecture 
anything or not in regard to the examination. I had 
not the questions to write or the papers to read. The 
question that appealed to me was this one: “In the 
understanding of the wise men of ancient Greece, what 
was the limit in population of a city?” 

When the papers began to come in, I looked them 
over. Four or five sufficed. It was an easy question 
to answer, evidently. The answers were all in agree- 
ment, and I came to the conclusion I knew the answer. 
The answer was this interesting one: ‘“No city in the 
understanding of the wise men of ancient Greece in 
population could grow beyond a point whereat the 
people might gather around the city’s advocate and 
hear his voice and learn the truth.” 

I wonder what a wise man of ancient Greece would 
think today to come into our country and find that 
through the wonderful work of the next speaker and 
the organization that he built up, there is no limit to 
the size of a city in population. For in 1915 he ex- 
tended his lines clear across the continent and from 
that day to this, at any time if we care to, it is physic- 
ally possible for us as a nation to sit down at home, or 
nearly so, and listen to the voice of the President of our 
great country. 

I take great pleasure in calling up as the last speaker 
in this series, a past President of the American Institute 
of Electrical Engineers, General Carty. 


ADDRESS OF GENERAL CARTY 


Among the four national engineering societies, 
composed of Civil, Mining, Mechanical and Electrical 
Engineers, the Society of the Electricals is the youngest. 
Of the other societies mentioned, it may be said that 
the art which they represent existed before they were 
formed, but of the Electricals it can be said, with 
pardonable pride, that its members created their own 
art. 

The Centennial Exposition, held here at Philadelphia 
in 1876, marked the beginning of a new era in electrical 
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| development. Prior to that time the use of dynamos 

had practically been limited to such purposes as electro- 

plating, and electric motors were a curiosity—a toy, 
not for children, but only for college professors to 
play with. The principal use of electricity was in the 
different forms of signaling, of which the telegraph 
was the most important. _ 

At the Centennial Exposition in Philadelphia, one 
who was to become a member of the American Institute, 
and also one of its Presidents, Dr. Alexander Graham 
Bell, made known to the world his invention of the 
telephone. This gave a wonderful stimulus to the 
advancement of electrical science. 

Soon followed the invention of the phonograph and 
the astonishing development of the dynamo and the 
electric light, which we so largely owe to another who 
was to become one of the members of our Institute yet 
to be formed—Mr. Thomas A. Edison. 

Working here at Philadelphia about this time, there 
’ was another whose name was destined to be memorable 
in thé annals of our Institute—Dr. Elihu Thomson. 
His fundamental work in laying firmly the foundations 
of the art of electrical engineering will serve as an 
inspiration to our members during the years to come. 

Between the years 1876 and 1884, such marked 
progress had been made by the electrical pioneers, the 
future founders of our Society, that the importance of 
forming a national electrical engineering society was 
recognized, so that in 1884 the electrical pioneers of the 
period joined in the formation of an organization 
which should be a worthy exponent of electrical 

- progress throughout America. 

Prior to the work which was done by these pioneers, 
many of whom are still alive and active members of 
our society, there was no art of electrical engineering, 
and there was no university conferring the degree of 
Electrical Engineer. Electrical engineering was not 
even recognized among the professions. Those who 
devoted themselves to the practical affairs of electricity 
were known as electricians—a term now generally 
applied only to electrical artisans. 

It was our society and the work of our members 
which have secured for electrical engineering its 
present position among the foremost of the learned 
professions. 

Since the formation of the American Institute of 
Electrical Engineers, progress in electrical engineering 
has been a record of rapid and continuous and marvel- 
ous achievement. : 

The story of this achievement is to be found in the 
history of the American Institute of Electrical Engi- 
neers and in the careers of its members. So numerous 
and so important are the contributions of our members 
that adequately to describe them would require the 
writing of the history of the art of electrical engineering. 

While our colleagues of the Civil Engineers were 
celebrating the joining of the Atlantic Ocean and the 
Pacific Ocean by the Panama Canal, the members of 
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the American Institute of Electrical Engineers were 
celebrating the joining of the Atlantic Ocean and the 
Pacific Ocean by electric wires spanning the continent 
and carrying the human voice from coast to coast. 


It is among our membership that we find the men, 
who, taking the feeble telephone which Bell exhibited 
at the Centennial Exposition in 1876, have built upon 
it the entire art of telephony, and have constructed 
telephone lines and installed telephone stations so that 
it is now possible to transmit the human voice from 
San Francisco to all of the states in the Union, con- 
necting with wire systems reaching more than fifteen 
million stations and aggregating more than forty 
million miles of wire, representing an investment of 
more than two billion dollars, and carrying more than 
nineteen billion messages in a year. 


In our membership are to be found men who have 
developed the wonderful art of electric power trans- 
mission, whereby the melting snows of our mountains 
are transmuted into power and light and heat and 
current for transmitting speech, for lighting the homes 
of our nation, for propelling railroad trains and minis- 
tering in countless ways to the happiness and welfare 
of our people. 

It is a great satisfaction to our members to observe 
these important contributions which they have made to 
the comfort and beauty of the homes and the halls of 
our country. 

In the progress of society from the primitive condi- 
tions found in former times to the present high state 
of civilization, communication and transportation have 
been the two great forces in the building up of the 
civilized state. It was said before the founding of our , 
government that west of the Alleghanies there never 
could be a people which could form a part of a nation 
on the Atlantic Coast. This was because of the im- 
possibility of communications and _ transportation, 
which are essential to a community of interest and 
common action. 

This indeed was true at the time, and would still be 
true were it not for the work of engineers. Communica- 
tion north and south along the Atlantic Coast was 
accomplished well enough at the time by coasting 
vessels plying between the numerous harbors which 
there abound, but it was not until the advent of rail- 
roads, which were the work of engineers, both civil 
and mechanical, that the growth of our country 
westward as a permanent part of our nation, was 
assured, and it was not until the great State of Cali- 
fornia was connected by rail with the East, that our 
Union was complete. 

Coextensive with the development of the railroads 
came the telegraph, supplying communities with the 
ereat essential, quick communication. Thus, with 
the railroad, the telegraph and the mail, the essentials 
of growth for the time being were provided, but as 
our progress has become more complex, further develop- 
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ment of transportation and communication was 
required. 

Our members have provided these in the telephone 
and in the electric railroad. The telegraph and the 
steam railroad connect places; the telephone and 
trolley reach directly to homes and to offices. They 
connect not only places, but they connect people. In 
many other ways that are little thought of, our member- 
ship has contributed to the upbuilding of our nation. 

The American Institute of Electrical Engineers 
stands for the highest achievement in electrical engi- 
neering and for the most distinguished attainments 
among its members. 

From the art of electrical engineering as its exists in 
the world today, take away the contributions of the 
members of the American Institute of Electrical Engi- 
neers, and that which would be left would make a sorry 
showing by comparison. 

The art of telephony would disappear and all of 
those wonderfully coordinated activities of both peace 
and war, depending upon that means of communica- 
tion, would instantly be paralyzed. 

In electric lighting and power and current distribu- 
tion, the contributions of our members have been so 
fundamental, so important and so numerous that itisim- 
possible to picture the chaos which would result if, by 
some black magic, their wonderful work should be undone. 

By its papers and meetings and discussions, by the 
spread of knowledge through its published JOURNAL 
and TRANSACTIONS, and above all, by the high 
ideals of its members and by the unsurpassed character 
of their achievements, the Institute has taken a 
foremost place among the forces making for the welfare 
. and unity of mankind. 

It is with feelings of pride and satisfaction that today 
we celebrate the fortieth anniversary of the founding 
of the American Institute of Electrical Engineers. 

We are holding this celebration in the Golden Age 
of Electricity—the age of electrical communications, 
of electrical transportation, the age of light and power. 
What words these are to conjure by! Light to see, 
and power to move and to do—to do that which no 
man has done before. What inspiration they send 
forth, urging our members to still greater achievement! 


ALL-ELECTRIC DREDGES LAUNCHED 

Two all-electric, 2000-ton capacity hopper dredges 
built for the Engineer Corps were recently launched 
from the yards of the Sun Shipbuilding Company. 
These dredges are electrically driven throughout, 
no steam being generated on the ship. The main pro- 
pulsion is obtained from Diesel engines driving direct- 
current generators which, in turn, operate the pro- 
pelling motors. Electricity is used for cooking, heating, 
ventilating, and all other purposes. These are prob- 
ably the largest vessels that have been completely 
electrified and mark a new step in the progress of the art. 
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ILLUMINATION ITEMS 
By the Lighting and Illumination Committee 
THE EFFECT OF MODERN ILLUMINANTS ON THE EYE! 
Dr. Groran S. CRAMPTON 

We are told on the best of authority that factory and 
other work efficiencies are enhanced by increase of 
illumination. Are we then speeding up our bodies at 
the expense of our eyes? While there are but little 
experimental data upon which to base such an opinion 
at the present time, much good work bearing upon 
another phase of the question makes it possible to 
state without much fear of contradiction that if the 
lighting, although of high intensity, be properly ar- 
ranged in relation to the work, not only will no harm 
result but there will be an actual benefit. 

In the first place, in order to make a true estimate 
as to whether or not we are harming our eyes, we must 
be sure that we are dealing with eyes that are operating 
under full or normal efficiency. Visual fatigue tests, 
for instance, conducted on a subject having other than 
emmetropic or normal eyes mean but little, even 
though he be wearing a correcting glass, as under these 
conditions variable factors may alter the results. 

One frequently hears a lighting installation con- 
demned by a person who would find it most excellent 
were he wearing the proper glasses. Any one who is 
compelled to work steadily on fine details under any 
sort of illumination should be sure that an uncorrected 
or partially’ corrected astigmatism is not gradually 
sapping his nervous energy. And if he be of the age 
when the accomodative or focusing power is defficient, 
say from forty to forty-five years and older, he should © 
be sure that his glasses fully relieve him of his strain. 
At this age full and ample illumination is essential. 

There is probably no more highly organized muscle 
than the ciliary body which controls the focusing of the 
crystalline lens and none that will cause more dis- 
tressing symptoms when forced to function under ad- 
verse conditions. 

As our years advance the natural elasticity of the 
lens gradually decreases to the point where artificial 
aid must be given to permit near seeing, especially in 
reduced light. Almost all normal-sighted and so called 
far-sighted people who have reached this period of life 
will recall their first symptoms of decreased focusing 
power which became evident when trying to read a 
time-table or telephone book in a poor light. Ample 
illumination suffices for a while to stimulate the lagging 
focusing power and then resort must be made to a glass 
of increased strength for near work, generally in the 
form of bifocals. From then on, full illumination is 
necessary to comfort. We can hardly realize the dis- 
comforts experienced by our early ancestors who had 
neither proper glasses nor adequate light in the evening. 

The complaint is often made that a person is forced 
to work all day by artificial light. With our present 
facilities this is not a legitimate complaint, that is, if 
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the individual is not forced to accept the general 
illumination of the work room. I feel sure that ample 
artificial light, properly placed and shaded will not 
cause more, and often not as much, fatigue as daylight 
; which is subject to all vagaries of cloud, bright areas, 
and improper direction. 

The element in artificial light which seems to have 
caused the greatest anxiety and alarm has been the 
ultra-violet radiation and until recently its deleterious 
effects have been very much over-rated. In the be- 
ginning the fact seems to have been overlooked that the 
much vaunted natural light contains infinitely more of 
the ultra-violet than the strongest of the artificial 
sources. The radiation from the more powerful lamps, 
especially those of the mercury vapor and other arcs, 
does contain a certain amount of ultra-violet but under 
the usual condition of installation this will cause no 
harm to the eyes. Even though it were many times 
more powerful, there would be no permanent deleterious 
effects, as was shown by Verhoeff and Louis Bell in 
their experiments on rabbits, monkeys, and the human 
subject in which they proved that the retina may be 
flooded with light of extreme intensity (not less than 
50,000 lux) without any sign ofpermanentinjury. This 
is due, of course, to the fact that the corona and crystal- 
line lens of the eye, together with the fluid media act 
as a filter to the ultra-violet and prevent it from reach- 
ing the retina in strength sufficient to do harm. 

To injure the corona, iris, and lens by the thermic 
effects of radiation requires a concentration of energy 
obtainable only under extreme experimental conditions. 

Infra-red rays have no specific action on the tissues 
analogous to that of abiotic or ultra-violet rays. Actual 
experiments made on the human eye show conclusively 
that no concentration of radiation on the retina from 
any artificial illuminant is sufficient to produce injury 
thereto under any practical conditions. 

A year or so ago we examined the retinas and crystal- 
line lenses of fifteen men who had been employed for a 
considerable period in electric welding on street railway 
tracks, and all were found to be free from any injury, 
although most of them at one time or another had had 
ultra-violet burns of the face and eyes, of a surface 
nature, due to accidentally striking the arc before their 
faces were shielded by the mask. This type of burn is 
merely a sunburn and although exposure to an iron 
arc fora few moments may cause distressing symptoms, 
which come on several hours later with the feeling of 
sand in the eyes, the trouble soon passes and no harm 
results. . 

Thus it may be seen that we may speed up industry 
and surround ourselves with the cheeriness of ample 
illumination without causing any harm to the eyes. 
But one note of warning must be sounded and that is to 
beware of placing lamps of high intrinsic brilliancy in 
old shades that are too short for them, thus exposing 
the eyes to the glare of a bare filament. 
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Glare must be avoided if we are to have eye comfort 
as the iris becomes fatigued by being alternately 


cramped to small pupil and relaxed as darker areas. 
come into view. 


GOOD LIGHTING VITAL TO INDUSTRIAL SAFETY 


“Almost every measure put forth to safeguard 
industrial employes against accidental injury requires, 
as a primary and fundamental condition, proper 
lighting,”’ states A. C. Carruthers in Safety Engineering 
the official publication of the American Society of 
Safety Engineers. 


“Tt presupposes that at all times the operators will 
be able to see clearly and distinctly in performing. their 
duties and moving about the plant, but in a great many 
eases the proper lighting has not been furnished and 
the beneficial results which could and should be secured 
through the safety devices and other protective equip- 
ment and apparatus, safety rules and safety instructions 
imparted to the employes, have not yielded the expected 
results. Proper lighting is a very important safety 
measure and it removes a very definite and now well- 
recognized hazard of industry. 


“Tt is safe to say that a large number of accidents 
both fatal and non-fatal have occurred because of bad 
lighting conditions, but industry has paid the price, 
both employer and employes having suffered severely 
through this insidious hazard. Few, if any, industrial 
hazards can be removed so completely from the midst 
of a busy industrial plant as the bad lighting hazard. 


“Seven states have thus far adopted State Lighting 
Laws, based upon standards which aim to protect 
workers in industrial plants from accidents due to bad 
lighting and from unnecessray eye-strain. The states 
that have passed laws making obligatory definite 
industrial lighting standards are New York, New Jersey, 
Pennsylvania, Wisconsin, Oregon, Ohio, and Cali- 
fornia.” —Transactions I. E. S., December 1923. 

Norg—Massachusetts has adopted a similar code, 
which became effective Jan. 1, 1924. 


CONTINUED INCREASE IN STREET LIGHTING 


The North Side of Pittsburgh, known as “Old Al- 
leghany,” will be “New Alleghany” as far as street 
lights are concerned. 2118 lamps of 600 candle power 
each are displacing the ancient arc-lighting system. 
Under a new contract, the city will pay $1.00 more per 
light per year than formerly, a good investment in 
vastly superior illumination. Philadelphia is doing the 
same thing on Broad Street, using 1000 candle power 
lamps. St. Louis has started work on its $8,000,000 
city-wide street lighting program. Danielson, Con- 
necticut; Utica, N. Y.; Sioux City, Ia.; Longview, 
Washington; in these and in dozens of other towns, 
street lighting is being modernized. 
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Birmingham Ready for the A. I. E. E. 
Spring Convention 


Southern engineers will weleome the Institute in Birmingham 
on April 7-11 for the first time in many years and preliminary 
reports indicate that each visitor will have a generous share of 
the famed Southern hospitality. The local convention com- 
mittee through its chairman, W. E. Mitchell, reports a coopera- 
tive movement throughout the whole South among Institute 
members for making the meeting a memorable occasion. A 
glance at the tentative papers shows that a very interesting and 
well balanced program has been prepared, which has a national 
aspect through having papers by authors from all parts of the 
country who stand in the front rank of engineers. 

With the great interconnected systems already in operation 
in the South and the marked hydroelectric developments already 
completed, it is fitting that water power, transmission and allied 
subjects should appear prominently on the program, but in 
addition, notable papers will be given on mining applications, 
metallurgical applications and machine developments with a 
resulting balance and quality which should attract many visitors. 
Of particular interest in the technical sessiors is the presentation 
of developments and practises in different parts of the country, 
for this will stimulate splendid discussiors and produce a clearing 
house effect on controversial technical practises. Hydraulic 
equipment, oil breakers, lightning arresters and electric furnaces 
are some of the subjects thus treated which should create very 
good discussions. 


SpecraAL FraturREsS ON TUESDAY 


The Convention Committee in cooperation with the Meetings 
and Papers Committee is particularly fortunate in the special 
program for Tuesday afternoon and evening. This program 
deals with water-power and interconnection on a national scale 
by taking’ Southern developments as typical of what can be done 
in securing interconnection of many systems for the supply of 
electrical energy. Notable speakers will treat the subjects from 
all angles and record in their addresses material that will be new 
and pertinent to national power development on a large scale. 
These speakers and this program alone should be sufficient 
inducement for many members to attend the convention from 
distant sections. 


BIRMINGHAM AND Vicinity UNusuALLY INTERESTING 


But aside from the scheduled sessions and the papers pre- 
sented, there are many inducements for engineers to attend a 
convention in Birmingham. The city has a unique location in 
that an extensive coal deposit on one side is balanced by an almost 
inexhaustible iron-ore deposit on the other, while the near 
vicinity has large waterpower developments and resources. This 
has resulted in the formation of a very large industrial area in the 
vicinity of Birmingham and the development of the necessary 
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power resources to maintain this activity. lron mines, coal 
mines, steel mills, textile mills and allied industrial activities are 
highly developed and will be made available to convention 
visitors. Familiar names, such as Lock 12, Mitchell Dam, 
Gorgas Steam Station and Muscle Shoals are connected with 
nationally known power developments, which may be visited 
readily in connection with the convention. Also an opportunity 
is offered for seeing one of the greatest interconnected systems in 
the country. Transmission lines are connected from Tennessee, 
through Alabama, Georgia, South Carolina into North Carolina 
and the group of companies thus interconnected have actual 
operating experiences which have a great bearing on the possi- 
bilities of irterconnection for other parts of the United States. 
Many of their engineering practises and much of the equipment 
have been developed along unusual lines, because of the inter- 
connections existing and should be interesting to engineers fr 


: om 
other sections. 


SoctaL Frarures Accentep 
A Southern convention will naturally have social and enter- 
tainment features of an unusually delightful character and 
reported plans from the local committee seem to indicate that 
every visitor will participate in non-technical activities of un 
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usual attraction. Golfers will be welcomed to the Birmingham 
Country Club and to the Roebuek Country Club, each of which 
has splendid courses. Teas and entertainments are prepared for 
the ladies together with automobile trips of interest. On Mon- 
day evening the convention will attend an informal reception and 
dance at the Birmingham Country Club but the climax is being 
planned for Wednesday evening, when, if all goes well, a genuine 
old-fashioned Southern barbecue will be held on the top of Shades 
Mountain, seven miles from Birmingham. Those who have 
never participated in a savory entertainment of this character 
can anticipate an eventful and delightful experience. 

_ Inspection trips to industries in the Birmingham district are 
scheduled and on Friday it is planned to take the whole conven- 
tion to see Lock 12 and Mitchell Dam—two notable hydroelec- 
tric developments. 


Register As Soon As PossispLeE 


Headquarters will be at the Tutwiler Hotel. In order that 
arrangements may be completed, every member who plans to at- 
tend is urged to communicate as early as possible with Mr. W. J. 
Baldwin, Chairman of the Hotel Committee, Alabama Power 
Company, Birmingham. He should be notified as to date of 
arrival and accommodations desired. Definite reservations, 
however, should be made by individual members through the 
hotel management. The committee which has charge of the 
convention is composed of the following members: W. E. 
Mitchell, Chairman, W. J. Baldwin, J. M. Barry, H. E. Bussey, 
Howard Duryea, H. W. Eales, B. C. Edgar, J. E. Fries, H. M. 
Gassman, L. W. W. Morrow, A. M. Schoen and F. V. Underwood. 


TENTATIVE PROGRAM FOR BIRMINGHAM CONVENTION 
Monpay, Aprit 7 
9:30 A. M. 
Committee Meetings and Registration. 
2:00 P. M.—TercuHnicat SESSION 
Hydroelectric Practises and Equipment in the South, by O. G. 
Thurlow, Alabama Power Company. 
Hydroelectric Practises and Equipment on the Pacific Coast, by 
S. Barfoed, Consulting Engineer. 
Developments in Hydroelectric Equipment, by W. M. White, 
Allis-Chalmers Company. 
Acceptance Tests on Hydroelectric Stations, by F. H. Rogers, 
Wm. H. Cramp and Sons. 
8:00 P. M. 
Informal Reception and Dance at Birmingham Country Club. 


Tunspay, APRIL 8 
9:30 A. M.—Two TECHNICAL SESSIONS IN PARALLEL 
Session (A) 
Lightning Arrester Experience on the Coast, by E. R. Stauffacher, 
Southern California Edison Co. 
Lightning Arrester Design and Operation, by C. 
Jeorgia Railway and Power Company. 
Economics of Lightning Arresters, by A. L. Atherton, Westing- 
house Electric and Mfg. Co. 
Operating Experience with the Relaying on the Duquesne System, 
by H. P. Sleeper, Duquesne Light Company. 


E. Bennett, 


Session (B) 


Electrical Safety in Coal Mines, by L. C. Ilsley, U. S. Bureau 
of Mines. 

Automatic Substations for Mines, by C. EK. Von Sothen, General 
Electric Company. 

Tests on Mine Hoist Control, by F. L. Stone, General Electric 
Company. 


2:00 P. M. anp 8:00 P. M.—Szsstons oN SoUTHERN WATER- 
POWER DEVELOPMENT 


Analysis of Water Powers of the South, by C. O. Lenz, Consulting 
Engineer. 

National Water Power Development, by O. C. Merrill, Executive 
Secretary, Federal Power Commission. 

Southern Power Developments, by Thos. 
Alabama Power Company. 

Public Relations in Power Development, by Preston Arkwright, 
Pres., Georgia Railway and Power Company. 

Financial Aspects of Hydroelectric Developments, by H. M. 
Addinsell, Harris, Forbes and Company. 


W. Martin, Pres., 
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New Type of High Tension Interconnecting Network, by Perey 
H. Thomas, Consulting Engineer. 
WerDNESDAY, APRIL 9 
9:30 A. M.—TrEcHNICAL SESSION 
High-Tension Oil Circuit Breaker Tests, by H. J. Sholtz, Alabama 
Power Company. 
Alabama Power Company Breaker Tests, by R. W. MeNeill, 
Westinghouse Elec. and Mfg. Co. 
Oil Breaker Tests, by A. J. D. Hilliard, General Electric Company. 
Oil Breakers from an Operators Viewpoint, by J. V. Jenks, West 
Penn Power Company. 
Te, IMI. 
Inspection Trips to Developments in the Birmingham District. 
()e{0) 1, IMI, 
Old-fashioned Southern Barbecue on Shades Mountain. 


Tuurspay, Apri 10 
9:30 A. M.—TrcHNICAL SESSION 
New Synchronous Induction Motor, by Val A. Fynn, Consulting 
Engineer. 


280 INSTITUTE AND RELATED ACTIVITIES 


65,000 Kv-a. Generators at Niagara Falls, by W. J. Foster and 
A. EB. Glass, General Electric Company. 

Harmonics Due to Slot Openings, by C. A. M. Weber, Westing- 
house Electric and Mfg. Co., and F. W. Lee of Johns Hopkins 
University. 

22,000 Kv-a. Transformers. at Niagara Falls, by F. F. Brand, 
General Electric Company. 

2:00 P. M.—Txrcunicat SESSION 

New 20-16 in. Strip Mill, by Noble Jones, West Leechburgh Steel 
Company. 

Maximum Demand Regulator for Electric Furnaces, by H. lB 
Moore, Haleombe Steel Company. 

Manufacture of Phosphoric Acid in Electric Furnaces, by Theodore 
Swann and F. V. Andrea, Federal Phosphorus Company. 
Symbolic Curves, by J. T. Fries, Tennessee Coal, Iron and Rail- 

road Company. 

Effect of Impurities on Battery Electrolyte, by G. W. Vinal and 
F. W. Altrup, U. S. Bureau of Standards. 

Fripay, Aprit 11 
Inspection Trip and Visit to Lock 12 and Mitchell Dam. 


Enjoyable Program for June Convention 


A pleasant and most profitable visit is anticipated by all 
who plan to attend the Annual Convention at Edgewater Beach 
(Chicago) in the week of June 23. As is suitable for the Annual 
Convention, a large part of the time will be devoted to the lighter 
side of convention activities which include social, entertainment 
and sports events. Edgewater Beach, located several miles 
outside of Chicago, on Lake Michigan, is a most pleasant place 
to visit as there are many facilities for sports and social features. 

The technical papers promise to be very interesting. They 
will deal largely with transmission and distribution in 
metropolitan distcicts and with standardization. In addition, 
the various technical committees will present reports on the 
year’s developments and their plans for future study. 

So far as is possible at this time, the program has been arranged 
to include the following technical sessions: 

TrcHNicai Spssions PLANNED FOR JUNE CONVENTION 

Automatic Substations—five papers. 

High-Voltage Cables—four papers. 

Metropolitan Distribution—four papers. 

Standardization—three papers. 

Transmission and Protection—four papers. 

Reactors—four papers. 

Reports of Technical Committees. 

Miscellaneous—three papers. 


COR ORCA ice es 


A. 1. E. E. Directors Meeting 


The regular bi-monthly meeting of the Board of Directors of 
the American Institute of Electrical Engineers was held at the 
Bellevue-Stratford Hotel, Philadelphia, on Thursday, February 
7, 1924. 

There were present: President Harris J. Ryan, Stanford 
University, Calif.; Past President Frank B. Jewett, New York; 
Vice-Presidents W. I. Slichter, New York, H. E. Bussey, Atlanta, 
William F. James, Philadelphia; Managers Harold B. Smith, 
Worcester, Mass., E. B. Craft, H. P. Charlesworth, New York, 
R. B. Williamson, Milwaukee, A. G. Pierce, W. M. MeConahey, 
Pittsburgh, Harlan A. Pratt, Hoboken, N. J., G. L. Knight, 
Brooklyn, N. Y., W. K. Venderpoel, Newark, N. J.; Secretary 
I. L. Hutchinson, New York. 

The federal income tax legislation was discussed and the 
following resolution adopted: 

Resotvep: That in view of the great importance tothe 
engineering profession of the pending federal income tax legisla- 
tion, the members of this Institute be urged by this Board to 


write promptly to their Congressmen and Senators, conveying 
their individual views regarding this important subject. 


Upon the recommendation of the Board of Examiners the 
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following action was taken upon pending applications: TO 
Students were ordered eorolled; 551 applicants were elected to 
the grade of ‘Associate; 9 applicants were elected to the grade 
of Member; 4 applicants were transferred to the grade of Mem- 
ber; 4 applicants were transferred to the grade of Fellow. 

Upon recommendation of th Committee on Student Branches, 
a request for authority to establish a Student Braach of the 
Institute at the University of Florida, Gainesville, Florida, 
was granted. : 

Announcement was made of the appointment by the President 
of the Tellers Committee to canvass and report upon the nomi- 
nation and election ballots received in connection with the 1924 
election of Institute officers, as follows: J. B. Bassett (Chairman), 
A. E. Bauhan, Irving W. Green, R. R. Kime, and Benedict 
Tikhonovitch. 

A communication was presented from the secretary of the U.S. 
National Committee of the International Electrotechnical 


Commission to the effect that in accordance with the statute 


of the committee the terms of all members had expired, and that 
the A. I. E. E. should row make new appointments. The Board 
voted to authorize the President of the Institute to make the 
necessary appointments upon the U. 5S. National Committee of 
jAavey des WE (Cy 

In accordance with previous action taken by the Directors 
authorizing the appointment of Local Honorary Secretaries in 
several foreign countries in which there are at least twenty mem- 
bers of the Institute, the following Local Honorary Secretaries 
were appointed: TT. J. Fleming, for Argentina; Eiji Aoyagi, for 
Japan. 

The Secretary called attention to the desirability of improving 
the election procedure of the Institute, and recommended that a 
committee of the Board be appointed to study this subject. The 
Board voted that the President be authorized to appoint a com- 
mittee of three members of this Board to study the entire election 


procedure of the Institute and to make such recommendations * 


as the committee may deem desirable. 

The Secretary reported that the plans for the World Power 
Conference to be held in London June 30—July 12, 1924, are 
rapidly maturing; that the American Committee has held a num- 
ber of meetings and has arranged for the presentatioa of a number 
of papers by Americans, most of whom are members of one or 
more of the aational engineering societies, including several 
members of the A. I. E. E.; that the American Committee has 
appointed Thos. Cook & Son as official transportation agents. 
and that the steamship ‘“Seythia’’ of the Cunard Line, sailing 
from New York June 19 and arriving in London June 28, has been 
selected by the committee as the most suitable for the aeeommo- 
dation of Americans who will attend. Attention was also called 
to the fact that the British societies of Civil, Mechanical, and 
Electrical Engineers are all arranging several meetings and other 
functions to be held during the week following the World Power 
Conference. 

A report was submitted from Mr. C. E. Skinner, a representa- 
tive of the Institute on the Board of Management of the World 
Congress of Engiaeers to be held in Philadelphia, in 1926, to the 
effect that a committee to consider plan and scope has made a 
preliminary report, and that it has been tentatively decided that 
only general topics will be discussed and not detailed technical 
papers which would ordinarily be presented before the societies 
representing the various branches of eogineering. 

Reference to other matters discussed may be found in this 
and future issues of the JourNaL under suitable headings. 


International Commission on [lumination 


A limited number of copies of the Report of the 1921 Paris 
Meetiog of the International Commission on Illumination are 
available to interested parties by enclosing ten cents for postage 
to Howard Lyon, Secretary-Treasurer, U. S. National Cheaes 
of the International Commission on Illumination, Welsbaech 
Company, Gloucester, New Jersey. 
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The Philadelphia Midwinter Convention 


ihe Largest Convention in the History of the Institute, with the 40th Anniversary, Edison Medal Presentation, 
Moore School Dedication and Transportation Meeting as Special Features. 


The 12th Midwinter Convention last month was the first 
of its kind to be held outside of New York City, and doubt was 
expressed in some quarters as to the feasibility of changing the 
location of this function which had always been a pronounced 
success in New York. The convention in Philadelphia, however, 
dispelled all doubts on this score as it proved to be the largest 
convention in the history of the Institute, with an attendance of 
1738 registered members and guests. 

The midwinter conventions are generally regarded as the 
working conventions of the year, in the sense that the results 
of research, new inventions and improved practises of the 
previous year are discussed at this time. The Philadelphia 
convention excelled all traditions by presenting a well-balanced 
program of 40 high-class technical papers which received a full 
share of thorough discussion. 

Aside, however, from the record attendance and excellent 
technical program, there was much additional interest in the 
special features which gave a large measure of human interest 
and comradeship that is so frequently missing in meetings of a 
strictly technical character. These features included the 40th 
anniversary celebration at which reminiscences of the early his- 
tory of the Institute were recounted by several of its charter 
members; the Edisov Medal presentation, which always carries 
a strong personal appeal; the dedication of the Moore School 
at which four of the past-presidents of the Institute received 
honorary degrees, and the transportation meetings with addresses 
by several prominent leaders in the railroad and industrial fields. 

The number and variety of inspection trips and other enter- 
tainment features were in keeping with the excellence of the 
entire program. Philadelphia is especially favored with numer- 
ous historic points of interest which were widely visited by the 
delegates and guests in attendance, and all of the electrical 
public service and manufacturing companies in the city and 
vicinity courteously threw open their plants and provided guides 
for the benefit of visitors. Entertainment.for the ladies was 
also lavishly provided. A special folder entitled ““While the Men 
Work” was distributed, which outlined day by day the recrea- 
tion and entertainment features available to the ladies during the 
convention. 

From every standpoint the convention was a marked success 
and its management functioned smoothly and efficiently in every 
detail. The responsibility for the conduct of the convention 
rested entirely with the local committee and its successful out- 
come reflects the highest credit upon that committee and its 
various subcommittees whose efficient handling of their respect- 
ive functions won universal commendation. 


MONDAY, FEBRUARY 4th 

Monday morning was devoted to the cegistration of members 
and guests and to various committee meetings. The first 
Technical session was called to order on Monday afternoon at 
2p.m. by President Ryan who, after a few words of welcome, 
turned the meeting over to F. G. Baum, chairman of the Trans- 
mission and Distribution Committee, who presided. The fol- 
lowing papers were then presented in abstract by their authors: 
Economics and Limitations of the Super Transmission System, 
by Perey H. Thomas; Some Theoretical Considerations of Power 
Transmission, by C. L. Fortescue and C. F. Wagner; Power 
Transmission, by F. C. Hanker; Power Limitations of Trans- 
mission Systems, by R. D. Evans and H. K. Sels; Experimental 
Analysis of the Stability and Power Limitations of Transmission 
Systems, by R. D. Evans; Limitations of Output of a Power 
System Involving Long Transmission Lines, by HE. B. Shand. 

The discussion which followed was taken part in by Messrs. 
C. L. Fortescue, Edward L. Moreland, V. Bush, R. D. Booth, 


H. Goodwin, Jr., A. E. Silver, Miss Edith Clark, R. E. Doherty, 
T. A. Worcester, H. R. Summerhayes, V. Karapetoff, F. W. 
Peek, Jr., R. D. Evans, F. E. Terman and E. A. Smith. 


FORTIETH ANNIVERSARY CELEBRATION 


Monday evening was devoted to the 40th A. I. KE. E. anniver- 
sary celebration and to the presentation of the Edison medal to 
John W. Lieb. The anniversary ceremonies consisted of three 
addresses by charter members of the Institute, Messrs. Elmer 
A. Sperry, T. Commerford Martin and Elihu Thomson, all of 
whom recounted many interesting events and personal reminis- 
cences of the formative days of the Institute. The last address 
by Past-president John J. Carty summed up the growth and 
achievements of the electrical engineering profession and the 
advances made in the art coincidently with the 40 years life”of 
the Institute. These addresses are published elsewhere in this 
issue of the JOURNAL. 


PRESENTATION OF THE EDISON MEDAL 


Immediately following the 40th anniversary celebration, the 
presentation of the Edison Medal to John W. Lieb took place. 
President Ryan presided and first called upon Secretary Hutch- 
inson to tell about the Edison Medal and the duty of the 
Institute in reference thereto. 

Secretary Hutchinson then outlined the history of the Edison 
Medal which was founded by a group of associates and friends 
of Thomas A. Edison who desired to commemorate the achieve- 
ments of a quarter of a century in the art of electric lighting. 
Tt was decided that the most effective way of accomplishing this 
object was by the establishment of a medal, which would serve 
as an incentive to engineers and scientists to maintain by their 
works the high standard of accomplishment set forth by the 
illustrious man whose name the medal bears. 

The American Institute of Electrical Engineers was invited to 
accept the responsibility of making the awards and these awards 
are made annually by the Ed’son Medal Committee, consisting 
of twenty-four members. 

The medal was first awarded in 1909 to Dr. Elihu Thomson and 
the other awards in order have been made to Frank Julian 
Sprague, George Westinghouse, William Stanley, Charles F. 
Brush, Alexander Graham Bell, Nikola Tesla, John J. Carty, 
Benjamin G. Lamme, W. L. R. Emmet, Michael Pupin, Cum- 
mings C. Chesney, Robert A. Millikan and John W. Lieb. 

President Ryan then called upon Mr. Samuel Insull to tell 
of the life and professional career of Mr. John W. Lieb, to whom 
the medal was to be presented. 

John W. Lieb was born in Newark, New Jersey, February VW. 
1860. He was granted a mechanical engineering degree in 1880 
by the Stevens Institute of Technology, an honorary degree as 
a doctor of engineering in 1921. He connected himself with the 
Brush Electric Company of Cleveland in 1880 and a year later 
joined the engineering department of the old Edison Electric 
Lighting Company. In 1882, Mr. Lieb entered upon some ex- 
perimental work directly under Mr. Edison, which resulted in 
his becoming the electrician of the old Edison Electric [lumi- 
nating Company of New York. 

Mr. Lieb was connected with the designing and construction 
of the old Pearl Street Station and in this way his work eame 
under the personal observation ot Mr. Edison. This resulted 
in his being sent to Milan, Italy to establish the first Edison 
Station in Europe. ; 

In 1894, he returned to New York and became assistant to the 
Vice President of the Edison Electric Illuminating Co. of New 
York, later becoming Vice President and General Manager, 
occupying a similar position in the New York Edison Co., and 
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is today the chief executive officer of this and the affiliated 
companies. 

The Edison Medal was conferred upon Mr. Lieb for his 
achievements in connection with the development of the manu- 


facture and distribution of electrical energy, especially as applied’ 


to the incandescent lamp. 

Mr. Lieb has been honored by the Kingdom of Italy, by his 
Alma Mater and by numerous engineering societies. He is an 
honorary member of various Italian and British Societies and is 
Chairman of innumerable committees of technical organizations. 
He is also a lecturer and author and distinguished himself during 
the war for his service in matters where the gas and electric 
business and the conservation and obtaining of fuel and various 
chemical products involved governmental supervision. 

Mr. Insull then introduced Mr. Lieb and President Ryan 
presented the Edison Medal for his meritorious achievements in 
the development and operation of electrical central stations for 
illumination and power. 

Mr. Lieb in accepting the medal said: 


ADDRESS OF JOHN W. LIEB 


. 
Mr. President, Mr. Insull, Fellow Members, Ladies and Gentlemen: 

I am deeply appreciative of the distinguished honor which the American 
Institute of Electrical Engineers, through the Edison Medal Committee, 
has conferred on me, in its award of the Edison Medal, and which—Mr. 
Insull—I have particular pleasure in accepting at your hands. 

To receive this medal is indeed a consummation which any man may look 
upon with pardonable pride, one that associates his name with the galaxy 
of eminent men who have made such notable contributions to electrical 
science, and whose names are on the Institute’s Honor Roll as Edison 
Medalists. This distinction, with which I am so highly honored, is of 
particular significance to the present recipient, linked as it is with the great 
name of Thomas Alva Edison, in whose service he was an humble associate 
and worker in the pioneer days of a great adventure, which developed into 
&@ great industry. 

The early days of this budding industry are often referred to as character- 
ized by empiricism, adherence to cut-and-try processes, a blind groping 
in the dark, through experimentation and trial. 

While there is an element of truth in this concept of the methods, fol- 
lowed by those who developed the electrical industries in their early stages, 
yet it must be emphasized that, with all, it was a period when keenest 
analytical processes and insight were necessary to overcome the lack of 
past experience and developed theory. All available scientific resources, 
theoretical as well as experimental, had to be drawn upon to solve the stu- 
pendous problems which the electrical pioneers had set for themselves. 

It was a time of the most intensive application, of untiring pursuit of the 
goal, when the eight hour day had not yet loomed on the horizon, whenevery 
bit of known theory or engineering experience, all the available knowledge 
of physics and of chemistry were applied to the solution of the problems 
immediately in hand, for of precedent, there was none to light the way of 
progress, 

But a careful study of the advances made in these early years of the elec- 
trical industry will show that never in any previous epoch was there such a 
group manifestation of brilliant genius, of splendid vision. of indomitable 
perseverance, such ascharacterized the early workers in the fields of electrical 
science, and they made good use of every bit of information extant in the 
storehouse of human knowledge and experience. 

The electrical industries differ from the other great industries of today, 
in that they are the children of the research laboratory. Most of the other 
industries of a technical character have grown up as an art, or a body of 
past experience. The steam engine, for instance, did not find its origin in 
a laboratory, nor was its early development based upon a foundation of 
scientific research and theoretical analysis. 

When the steam engine first came into existence, heat was regarded as 
“caloric’’ and the laws of thermo-dynamics were unknown. The design of 
the steam engine was based on inventive intuition, mechanical skill and 
practical experience alone. And so it was with the steam boiler, the loco- 
motive, the steamship, and the working of iron and steel. Similarly, the 
technical developments in other great branches of industry, agriculture, 
mining, the textile industries, etc., were such as had grown up around the 
practical experience, often of ages past, and were not based on well-known 
physical or chemical laws, which had been worked out through the inventive 
processes of laboratory research. The scientific background for these has 
come as a later manifestation and has conditioned their further develop- 
ment rather than their basic origin. 

Tn the case of our electrical industries the science preceded the art and the 
technology. Electricity was something which through all the ages had 
manifested itself to mankind, only through the apalling and terrifying 
phenomena of lighting. Until the time of the illustrious Franklin, lighting 
was not identified as bearing any relation to the puny phenomena produced 
by frictional processes in the laboratories of the eighteenth century. It 
was the work of the scientists in their laboratories which made manifest to 
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the world the very existence of electricity, and which developed the laws, — 


interrelationships and application of electric force and energy. 

The solid foundation of electrical science and theory, laid by Galvani, 
Volta, Oersted, Ampere, Joule, Gauss, Ohm, Faraday, Maxwell, Henry, 
Kelvin, Helmholtz, and Hertz, provided a firm base for the stupendous 
structure which was reared upon it in the years which followed, and which 
has brought to mankind some of the noblest contributions to the conve- 
nience, happiness and enjoyment of life. 

We are engaged in the pursuit of a branch of science which was founded 
on profound theoretical conceptions by early investigators and experi- 
mentors, knowledge of whose fundamental laws had been the product 
largely of abstract scientific research which soon, however, developed into 
intensely practical applications in industry and the arts, until today we 
have throughout all the industries based on electrical science, the most 
remarkable fusion of theory and practice, of research and experimentation, 
of mathematical predetermination and concrete mechanical production, 
to be found in the whole realm of scientific development. 

To name the recipients of the Edison Medal, conferred by the Institute, 
is to pass in review the milestones of the electrical industries in this country, 
pillars of the stupendous edifice, upon which the splendid superstructure of 
American electrical science, and of the electrical industries developed there- 
from, has been built. : 

As the fields of electrical application broadened, as new industries arose 
and gave evidence of stability, vigor, and prosperity, it was in these elec- 
trical industries that there soon developed the largest appreciation of the 
value of scientific research and investigation, and the importance of the 
most searching mathematical analysis and experimental determination 
of all the factors entering into the problem of engineering development and 
industrial production. In no branch of science does there exist such a 
splendid theoretical and analytical foundation, developed for us by a score 
or more of brilliant minds, and in none is there made a larger use of the tools 
provided by exhaustive research, scientific investigation and courageous 
initiative. It is a commonplace to enlarge upon the discoveries in electrical 
science which the future may bring forth, of the marvels not yet disclosed, 
of the vast fields as yet untouched. 

For the pursuit of all of these we have the most solid foundation, the 
keenest investigatory spirit, the readiness to publish and exchange acquired 
knowledge and information, and best of all, a splendid readiness on the part 
of those charged with the commercial administration of the electrical in- 
dustries to spend in the broadest and most liberal spirit, the necessary funds 
for the erection and endowment of research laboratories, the-conduct of 
purely scientific investigations without aim at immediate commercial 
results, and readiness to try out experimentally on a commercial scale, 
apparatus or processes which give promise of successful development. 

This desire to promote scientific research knows no national] boundaries, 
and we see one of our great manufacturing companies supporting scientific 
research and investigation in foreign lands, and one of our great philan- 
thropic enterprises cooperating in the establishment abroad of laboratories 
for research in the ultimate constitution of matter. 

-With such a splendid, even though very recent history, with an enthusi- 
astic band of energetic workers, with industrial leaders keenly alive to the 
advantages which the pursuit of scientific methods means to industry, 
who can foretell the brilliant future in store for electrical science and its 
practical applications. In this march of progress, the membership of our 
beloved Institute will surely have a leading participation. 

I wish again to express my heartfelt appreciation of the great honor 
which the Institute has this day conferred upon me in the bestowal of this— 
one of its coveted awards—the Edison Medal. 


TUESDAY FEBRUARY 5TH 
A technical session was held Tuesday morning at which Mr. 
F. W. Peek, Jr., chairman of the Electrophysics committee 
presided. The following papers were presented in abstract: 
Gaseous Ionization in Built-Up Insulation-II, by J. B. White- 


head; Overdamped Condenser Oscillations, by Charles P. Stein- 
metz; Free Convection of Heat in Gases and Liquids-II, by C. W. 
Rice; 


The Magnetic Properties of the Ternary Alloys, by T. D. 
Yensen; and Alkali Vapor Detector Tubes, by H. A. Brown and 
Cie Kone 

These papers were discussed by Messrs. F. M. Farmer, 
Everett S. Lee, W. A. Del Mar, V. Montsinger, Thomas Spooner, 
P. L. Alger, C. L. Dawes, Alex. Nyman, Herman Halperin, 
H. L. Curtis, J. C. Lincoln, R. E. Doherty, A. H. Babeock, 
G. D. Robinson and M. G. Newman. 


TRANSPORTATION MEETINGS 


The subject of railroad peoblems was discussed Tuesday at an 
afternoon session and also at an evening session held in the 
Metropolitan Opera House. The afternoon session, presided 
over by N. W. Storer, chairman of the Traction and Trans- 
portation committee, consisted of an open discussion on 


; “Oper- 
ating Aspects of Railroad Transportation.” 


The speakers were 


Journal A. I. E. E. 


March: 1924 


Messrs. L. G. Coleman, Boston & Maine R. R.; L. C. Fritch 
vice-president Chicago, Rock Island & Pacific R. R.: A. H. 
Babcock, Southern Pacifie R. R.; William 8. Murray; Wiliam 
Elmer, Pennsylvania R. R.; and N. D. Ballantine, Seaboard 
Aitline. ; : 

; The discussion at this session will be published in a future 
issue of the JouRNAL. 

In the evening, before an audience that comfortably filled the 
Metropolitan Opera House, a series of addresses was given by 
men prominent in railway, industrial and financial circles. Ar- 
rangements were made whereby the addresses were broadeast 
nation-wide from several radio stations. The speakers and 
their topics are as follows: : 

The Place of Transportation in Civilization, by BH. G. Buckland, 
vice-president New York, New Haven and Hartford R. R. 
Credit Question in Transportation, by Francis H. Sisson, vice- 
president Guaranty Trust Company of New York. Trans- 
portation and the Rural Situation, by Ralph Budd, President 
Great Northern R. R. The Public’s Transportation Problem, 
by H. B. Thayer, President American Telephone and Telegraph 
Co. Solid Foundations for Better and Cheaper Transporation, 
by A. J. County, vice-president Pennsylvania R. R. 


WEDNESDAY, FEBRUARY 6th 


On Wednesday morning two sessions were held in parallel, 
Session A being devoted to industrial power subjects and Session 
B to electrical machinery. H. D. James, chairman of the 
Industrial Power Committee, presided over Session A, at which 
the following papers were presented in abstract: 

Transient Performance of Electric Elevators, by David Lindquist 
and E. W. Yearsley; Variable Voltage Control Systems as Applied 
to Elevators, by E. M. Bouton; A Novel Alternating-Current 
Voltmeter, by L. T. Wilson; Oscillographic Study of Voltage 
and Current in Permeameter Circuit, by W. B. Kouwenhoven and 
T. L. Berry, Jr., and Power Plant Auxiliaries and Their Relation 
to Heat Balance, by A. L. Penniman, Jr. 

These were discussed by Messrs. K. L. Hanson, KE. M. Clayton, 
W. F. Ames, M. A. Whiting, J. J. Matson, Bassett Jones, A. A. 
Gazda, W. L. Atkinson, L. D. Jones, D. Lindquist, R. S. Glasgow 
and G. D. Robinson. 

Session B was presided over by W. J. Foster, of the Electric 
Machinery Committee and the papers abstracted were as follows: 

Shaft Currents in Electric Machines, by P. L. Alger and H. W. 
Samson; Eddy Current Losses in Armature Conductors, by R. E. 
Gilman: Tooth Pulsations in Rotating Machines, by T. Spooner 
and Surface Iron Losses with References to Laminated Materials, 
by T. Spooner. These papers were discussed by W. F. Dawson, 
G. E. Luke, F. D. Newbury, A. M. Perry, James Burke, R. F. 
Franklin, C. W. Ricker, R. B. Williamson, S. L. Henderson, 
T. Spooner and P. L. Alger. 


DEDICATION OF THE MOORE SCHOOL OF 
ELECTRICAL ENGINEERING 


On Wednesday afternoon a large delegation of Institute mem- 
bers and guests attended the dedication of the Moore School 
of Electrical Engineering at the University of Pennsylvania. 

Dr. Josiah H. Penniman, who presided, introduced George 
Stevenson, a lifelong friend of Alfred Fitler Moore. Mr. 
Stevenson presented a portrait of the late Mr. Moore, giving a 
short review of his life and the reasons that impelled the trustees 
of his will to merge the Moore School with the University of 
Pennsylvania. 

After a brief tribute to the memory of Woodrow Wilson, Dr. 
Penniman accepted, on behalf of the University, the portrait 
of Mr. Moore and expressed his gratitude for the generosity 
which resulted in the enrichment of that seat of learning. 

Dr. Penniman then introduced Herbert T. Herr, graduate of 
Yale University and Vice-President of the Westinghouse Electric 
and Manufacturing Co., who spoke on “The Electrical Engineer 
and His Relation to the Progress of the World.” 
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This was followed by an address by Dr. Arthur M. Greene, Jr., 
Dean of the Engineering School at Princeton University on 
“Engineering Education—its Present State and Ideals.’’ 

Following the.conclusion of Dr. Greene’s address, Dr. Penni- 
man presented honorary degrees to six distinguished engineers. 
Elihu Thomson, Edward Weston, Frank Julian Sprague and John 
Joseph Carty, all past-presidents of the American Institute of 
Electrical Engineers, received the degree of Doctor of Laws, in 
recognition of their distinguished services to the world. Robert 
Heywood Fernald and Harold Pender, first Dean of the Moore 
School, received the degree of Doctor of Science. 

After the dedication ceremonies a reception was held and 
refreshments were served in the library of the Engineering 
Building. 

A most interesting exhibit of electrical instruments and ap- 
plianees was on view for the inspection of the visitors in the 
Moore School of Electrical Engineering consisting of over sixty 
models. These were shown through the courtesy of the Westing- 
house Electric and Mfg. Co., the General Electric Company, 
the Weston Electrical Instrument Co., Atwater-Kent, Habirshaw 
Wire & Cable Co., Queen Gray Co., Victor X-Ray Corporation, 
Leeds & Northrup, James Biddle, Automatic Electric Co., the 
U.S. Bureau of Standards, the Bell Telephone Co., the Western 
Electric Co., the Brown Electrical Instrument Co. and the 
Wagner Electric Corporation. 


DINNER CONFERENCE ON ENGINEERING EDUCATION 


A dinner conference on engineering education was held in 
connection with the midwinter convention on the evening of 
February 6th, following the dedication exercises of the Moore 
School of Electrical Engineering at the University of Pennsyl- 
vania. The conference was arranged under the joint auspices 
of the Educational Committee of the Institute and the Society 
for the Promotion of Engineering Education. The aim was to 
further the policy of close cooperation between the national engi- 
neering societies and the 8. P. E. E. in the conduct of a broad 
project of inquiry and development which the latter organiza- 
tion is now undertaking under its Board of Investigation and 
Coordination. 

D. GC. Jackson, past-president of both the organizations, and 
a member of the Board, presided. C. F. Scott. who has similarly 
served both societies as president, and is now chairman of the 
Board of Investigation and Coordination, spoke of the origin 
and objectives of the present study of engineering education. 
The principal address was made by W. E. Wickenden, Director 
of Investigations of the S. P. E. E., who outlined in some detail 
the work and plans of the Board. He characterized the project 
as essentially one of collaboration between the engineering 
schools, the professional societies, the industries and the agencies 
of public administration and social welfare, through which a 
far greater volume of evidence may be afforded the colleges to 
aid them in adapting their programs to the changing conditions 
in the engineering world, than any single institution could provide 
for itself. 

He emphasized the important part in such an undertaking 
which should be taken by the national engineering societies and 
cited examples of the profound influence on educational programs 
and standards which had been exercised by professional bodies 
in the fields of law, medicine and dentistry. This obligation 
has been accepted by the engineering profession at large through 
the creation of an Advisory Council on Engineering Education, 
whose function it is to formulate professional ideals and stand- 
dards for the guidance of educational effort. The distinguished 
personnel of this Council is a pledge of the soundness and high 
character of its findings and influence. Its membership includes: 

For the A. I. E. E., Messrs. Gano Dunn and F. B. Jewett. 

For the A. S. C. E., Messrs. F. C. Shenehon and J. Waldo 
Smith. 

For the A. 8. M. E., Messrs. John Lyle Harrington and I’. A. 


Scott. 
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For the A. I. M. M. E. and the M. M.S. A. jointly, Messrs. 
Wm. Kelly and Allen H. Rogers. 

Mr. Wickenden characterized the past ten years as a period of 
temporarily arrested development in engineering education, but 
found a basis for optimism in the brilliant record of the past 
sixty years as a whole and in the concerted efforts now being’ 
made for progress. 

In the discussion which followed, the participants included 
C. W. Rice, Secretary of the A. S. M. E., F. B. Jewett of the 
Joint Council, Dean Harold Pender and Prof. Robert Fernald 
of the University of Pennsylvania, President C. H. Howe 0! Case 
School and Prof. V. Karapetoff of Cornell. The attendance was 
sixty, the representation of educators and engineers in active 
practise being almost equal. 


LECTURE BY F. G. BAUM 


On Wednesday evening Frank G. Baum, consulting engineer 
of San Francisco, delivered a lecture, illustrated with slides, 
showing the sources of water power in the United States and the 
potentialities of the superpower transmission system. It was 
shown by the slides that the great hydraulic resources are in the 
East, especially Pennsylvania and New York, and west of the 
Rocky Mountains. The Middle West was shown to be largely 
dependent on the East and far West for power. 

On the same evening an entertainment, followed by dancing, 
was given in the Ballroom of the Bellevue-Stratford, at which 
motion pictures, vaudeville and music formed an attractive 
program. 


THURSDAY, FEBRUARY, 7th 


Parallel technical sessions were held Thursday morning Session 
A being devoted to electrical measuring instruments and Session 
B to electrical machinery. G. A. Sawin, chairman of the 
Instruments and Measurement Committee, presided at Session 
A, and the following papers were presented: 

Method of Testing Current Transformers, by F. B. Silsbee. 
Recent Developments in Kilovolt-Ampere Metering, by B. H. Smith 
and A. R. Rutter; Automatic Transmission of Power Readings, 
by B. H. Smith and R. T. Pierce; Quadrant Electrometer for 
Measurement of Dielectric Loss by D. M. Simons and W. 8. 
Brown. The discussion which followed was by Messrs. I. M. 
Stein, W. H. Pratt, R. I. Hart, written discussion by A. E. 
Knowlton read by R. G. Warner, Frank Magalhaes, E. D. 
Doyle, S. J. Rosch, H. P. Sparks, J. R. Craighead and written 
discussion by G. A. Sawin read by Mr. Pierce. 

At Session B with W. J. Foster, of the Electrical Machinery 
committee presiding, the following papers were presented: 

Recent Advances in the Manufacture and Testing of Static 
Condensers in Power Sizes, by R. Marbury; Effect of Time and 
Frequency on Insulation Tests of Transformers, by V. M. Mont- 
singer; Insulation Tests of Transformers as Influenced by Time 
and Frequency, by F. J. Vogel and Short Circuits of Alternating- 
Current Generators, by C. M. Laffoon. These papers were 
discussed by Messrs. J. R. Craighead, EK. K. Shelton, J. E. Shra- 
der, C. N. Johnson, H. 8S. Lee, J. D. Staey, G. D. Robinson, H. L. 
Curtis, V. Karapetoff, P. L. Alger, R. E. Doherty, R. F. Franklin, 
F. D. Newbury. 

On Thursday afternoon a technical session was held, devoted 
to papers on electrical communication. O. B. Blackwell, chair- 
man Telephony and Telegraphy Committee, presided and called 
for the presentation of the following papers: 

Economic Development of Step-by-Step Automatic Telephone 
Equipment, by P. G. Andres; High Quality Transmission and 
Reproduction of Speech and Music, by W. H. Martin and H. 
Fletcher; Function and Design of Horns for Loud Speakers, by 
C. R. Hanna and Joseph Slepian, and Certain Factors Affecting 
Telegraph Speed, by H. Nyquist. Discussion followed by Messrs. 
H. Fletcher, V. Karapetoff, C. W. Hewlett, G. O. Squier, A. 
Boyajian, A. Nyman, EK. W. Kellogg, P. G. Andres, J. Slepian 
and H. Nyquist. 
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DINNER DANCE 


On Thursday evening the annual dinner dance was held, pre- 
ceded by the President’s reception. This function has become 
a fixed feature o our midwinter conventions, and as usual, was 
largely attended and greatly enjoyed. Dancing continued until 
a late hour. 


FRIDAY, FEBRUARY 8 


For the final day of the convention two morning technical - 
sessions were scheduled in parallel. Session A was devoted to 
electrical communication, Chairman Blackwell presiding, and 
Session B to electrical machinery, with Professor Karapetoff in 
the chair. In Session A the following papers were presented: 

Measuring Medthods for Maintaining the Transmission E ffici- 
ency of Telephone Circuits, by F. H. Best; Radio Telephone 


‘Signaling—Low Frequency Systems, by C. S. Demarest, Milton 


L. Almquist and Lewis M. Clement; Telephone Transformers, 
by W. L. Casper; An Electrical Frequency Analyzer, by R. L. 
Wegel and C. R. Moore. 

These were discussed by Messrs. W. H. Harden, H. H. Nance, 
R. L. Simpson, E. W. Kelland, H. Fletcher, L. P. Ferris, W. L. 
Casper and C. R. Moore. 

At Session B the papers were presented as follows: Multiple 
System of Cooling Large Turbo-Generators, by Donald Bratt; 
An Experimental Study of Ventilation of Turbo- Alternators, by 
C. J. Fechheimer; Importance of Brush Mounting, by P. C. 
Jones, and Theory of Three-Circuit Transformers, by A. Boyajian. 

Discussion followed by Messrs. S. L. Henderson, Edgar 
Knowlton, G. E. Luke, R. B. Williamson, C. M. Laffoon, R. F. 
Franklin, P. D. Manbeck, P. L. Alger, P. C. Jones, W. Kalb, 
F. D. Newbury and Donald Bratt. 


LEHIGH VALLEY TRIP 


On Friday afternoon a special train took a large number of the 
members to the Bethlehem Steel Company where they were met 
by members of the Lehigh Valley Section. After a trip through 
two plants a dinner was served at Lehigh University where the 
members enjoyed addresses by President Richards of Lehigh 
University and President McCracken of Lafayette College. 

The visiting members and guests were unanimous in their 
praise of the exceedingly satisfactory manner in which all activ- 
ities of the convention, both technical and social, were planned 
and carried out. 

The Board of Directors of the Institute at a meeting held 
during the convention, adopted a resolution expressing hearty 
appreciation of the effective services of the members of the 
Convention Committee and for the excellence of all arrangements 
made for the comfort and convenience of those in attendance. 

The general Convention Committee consisted of W. C. L. 
Eglin, Chairman, Ross B. Mateer, Secretary, and Messrs. 
F. J. Chesterman, P. H. Chase, L. F. Deming, I. C. Forshee, 
G. A. Harvey, W. F. James, H. P: Liversidge, J. C. Lynch, 
William MeClellan, L. W. W. Morrow, Harold Pender, Paul 
Spencer, and E. B. Tuttle. 


PENNSYLVANIA RAILROAD LOCOMOTIVE EXHIBIT 

Delegates to the Midwinter Convention at Philadelphia had a 
chance to see the latest advances made in engine design and 
standardization when the Pennsylvania Railroad System placed 
on exhibition a group of engines, embodying the latest features 
developed in this line. 

The group consisted of five steam and two electric engines. 
Each locomotive was of the most highly standardized type 
specially designed to produce maximum efficiency in operation 
and represented the last word in locomotive planning and con- 
struction. The exhibit was intended to show what is necessary 
in the way of electric power on a high-grade railroad, a , 
pared with steam power on the same railroad, 

One of the electric locomotives designated as Pennsylvania 
Class “FF-1,” has the distinction of being the most powerful 
single-unit electric locomotive ever constructed for any railroad 
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in the world. It is designed for heavy, slow speed freight serv- 
ice and weighs 516,000 pounds. It is capable of exerting a 
“starting tractive effort’’ or straight-away pull on a level track of 
140,000 pounds. Ata speed of 20 miles an hour, it is capable of 
producing continuously, for an indefinite period, a tractive effort 
of 73,000 pounds. 


The other electric engine “L-5,”’ embodies the very newest 
features and ideas in electric locomotive planning, and its con- 
struction was completed in record time—one month. This is 
designed to be a general utility engine, representing a standardized 
type, which ean be used with high efficiency and economy under 
almost any operating conditions and in any form of service, 
except switching. The construction is such that simply by a 
change in the gear ratios between the motor and the wheels, it 
ean be converted from a freight to a passenger locomotive and 
its electrical features have been so planned that by shght changes 
in the control apparatus, it can be operated either with alternating 
or direct current. All details have been worked out with the 
greatest care, with a view to adopting it as the standard future 
type for all electric locomotives in regular road service on the 
Pennsylvania Railroad system. It weighs 408,000 pounds. 


The five steam locomotives cover every possible requirement 
of steam railroad service, except switching. Two freight engines 
were shown, one of the class ‘‘1-1 S’” and the other of the Mallet 
articulated type, known as Class ‘“‘H C-1s.’’ The other three 
steam locomotives are for passsenger service. The first, Class 
“M-1,’’ a mountain type engine, intended for through express 
passenger service where maximum power is required, the second 
class ‘‘K-4s”’ is of the Pacifie type, built for sustained speed com- 
bined with great power, and the third, Class ‘‘G-5 s,” a medium 
weight locomotive intended for heavy local passenger service. 

In addition, there were a multiple unit electric passenger coach 
and a gasoline rail motor car, the latter for use on railroad 
branch lines when the traffic is too light to support steam service 
or warrant electrification. 

The group of equipment represented a total investment of 
approximately three quarters of a million dollars. 


Future Section Meetings 


Cleveland.—April 24, 1924. Subject: “Heonomie Phases of 
Proper Illumination.” Speaker to be announced later. : 


Fort Wayne.—April 17, 1924. Duemling Clini Building, 
2902 Fairfield Avenue, 8:00 p. m. Subject: ‘Public Utilities.” 
Speaker: Mr. R. F. Schuchardt, Vice-President, A. I. E. E. 


New York Section:—On the evening of Wednesday, March 
19, 1924, a meeting of the New York Section will be held jointly 
with the Metropolitan Sections of the A. S. M. E. and A. 8S. C.E. 
The meeting will be on the subject “City Planning and Trans- 
portation’? and under the sponsorship of the A. S. C. BE. 
Section. A definite program will be sent to the membership 
later. . 

April 16, 1924, Engineering Societies Building. Subject: 
“The Telephone Systems of Greater New York.” 

Philadelphia.—March 10, 1924. Subjects: “The Klydono- 
graph,” by Mr. J. F. Peters; “Stability of High-Voltage Trans- 
mission Lines,” by Mr. C. Fortescue. Both speakers are con- 
nected with the Westinghouse Electric and Manufacturing 
Company. 

Pittsfield.—March 13, 1924. Subject: ‘““Type SC R ‘Single 
Phase Repulsion Induction Motor” (illustrated). Speakers: 
Messrs. 8. R. Bergman and H. R. West. 

March 27, 1924. Annual Dinner. 


Vancouver.—April 4, 1924. Subject: ‘Development of 
the Bridge River Project.” Speeker: Mr. J. R. Read. 


World Power Conference, London, June 30 
to July 12 
OTHER EUROPEAN CONFERENCES AND MEETINGS 

The first World Power Conference will be held in London, 
June 30 to July 12, 1924. It is to be held at the British Empire 
Exhibition, Wembly, London, and is promoted by the Council 
of the British Electrical and Allied Manufacturer’s Association, 
in cooperation with Technical and Scientific Institutions in 
Great Britain and other countries. 

The Conference has been called for the purpose of discussing 
the technical and economic problems of power development, 
transmission and utilization and for promoting general interest in 
power development. It will consider how the industrial and 
scientific sources of power may be adjusted nationally and 
internationally. : 

The A. L. EB. E. is officially cooperating in the World Power 
Conference and is represented by three of its members upon the 
American Committee, namely, John W. Lieb, Chairman, H. H. 
Barnes, Jr. and Calvert Townley. Several other members will 
also participate by the presentation of technical papers and a 
considerable number of members have indicated their intention 
of attending. All other members expecting to go should notify 
the Secretary of the Institute at once. The details of the technical 
program to be presented by the U. 8. Committee are embodied 
in the latter part of this article. 

Arrangements have been concluded with Messrs. Thos. Cook 
& Son and the Cunard Line whereby an allotment of choice space 
has been reserved for delegates, the’r friends and families on 
board the new 20,000 ton liner ‘‘Seythia.’’ The ship will sail 
from New York on June 19th and from Boston the following day 
arriving at Liverpool June 28th. This gives a day or so in London 
before the opening of the Conference. It is desirable that those 
who wish to attend the Conference arrange to make the voyage 
on the “Seythia’’ in order to derive the greatest benefit from 
the journey. Applications should be made immediately to 
Messrs. Thos. Cook & Son. 

This year being the centenary of the birth of Lord Kelvin, 
appropriate functions will be arranged about the 10th of July, 
on which occasion the Kelvin medal will be presented to Dr. 
Elihu Thomson, Past-President of the American Institute of 
Electrical Engineers. 

In addition to the Conference, it will be possible to take ad- 
vantage of special technical tours as well as sight-seeing tours 
throughout Europe. Membecs of the Institute who cannot at- 
tend may become members of the World Power Conference upon 
payment of a registration fee of ten dollars which will also entitle 
them to certain privileges as to publications. 

The Official Tours under the auspices of the World’s Power 
Conference Committees of England, France, Italy, Switzerland, 
the Scandinavian Countries and Lapland include visits of in- 
spection to the greatest power stations of Kurope and may be 
briefly summarized as follows: 


The British tour visiting the great work of the industrial centers at 
Birmingham, Sheffield, Manchester, Glasgow, Newcastle with side trips 
to points of historic interest, such as the Shakespeare country, Edin- 
burgh, York, etc. 

The Continental Tour: France, visiting the great power plants of 
Wasquehal, Comines, Lille, Jeumont Lyons, Valence, Seyssel, Bourg St. 
Maurice, Paris and environs and other points of historic and scenic interest. 
Switzerland, visiting the power stations of Chancy-Pougny, Chevres, 
Muhleberg, Monophase, Burglauenen, Amsteg and many of the chief 
resorts of the Alps. Italy, visiting the power, stations of Venice, Domo- 
dossala, and the chief points of interest in Milan. Venice and Stresa. 

The Scandinavian Tour: Visiting the power stations of Tysse, 
Aslvik Tyssedal, Notodden, Riukan, Askim, Trollhatten, Vasteras, 
Uppsala, Alvkarleo. Stockholm, and many cities and points of historic 
and scenic interest. This Tour offers a special extension to the Power 
Stations of Lapland and other Scandinavian points. 


The program of the American Committee following is tenta- 
tive, the formal titles of the papers and other arrangements not 
having been decided upon fully, in all cases. The plan of the 
Program Committee, consisting of John W. Lieb, Chairman, 
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Peter Junkersfeld and Calvert Townley, was to explain the 
character and extent of American power development from both 
construction and operation standpoints, and give opportunity 
for setting forth conditions under which American capital has 
been able to undertake this development. 


Review of Power Resources 


The first division of the program will give a National Review of Power 
Resources, Their Distribution and Utilization, by O. C. Merrill, Executive 
Secretary, Federal Power Commission, N. C. Grover, Chief Hydraulic 
Engineer, U. S. Geological Survey, and M. R. Campbell, Geologist, U. S. 
Geological: Survey. Regional reviews will be given as follows: For the 
Northeastern states by John W. Lieb, Vice-President New York Edison 
Company; for the Central states by Samuel Insull, President Common- 
wealth Edison Company of Chicago, and for the Pacific states by A. H. 
Markwart, Vice-President Pacific Gas & Electric Company, and H. A. 
Barre, Executive Engineer, Southern California Edison Company. 


Water Power and Fuels 


The Problem of Water-Power Production will make up the second section 
of the program. John R. Freeman, Consulting Engineer, Providence, 
R. I., will give a general review of Current Practise. Henry J. Pierce, 
President of the Washington Irrigation and Development Company, and 
E. C. Bebb, Hydraulic Engineer, Federal Power Commission, will outline 
the Relation Between Power Development and Irrigation. A. P. Davis, 
Consulting Engineer, will discuss the Design and Construction of High 
Dams. Two authors will treat problems of water wheels, the paper on 
Impulse Water Wheels being given by William M. White, Manager and 
Chief Engineer, Allis Chalmers Manufacturing Company and the paper 
on Reaction Wheels by H. Birchard Taylor, Vice-President of William 
Cramp & Sons, Ship & Engine Building Company. Power Development 
on Navigable Rivers will be treated by an author to be announced later. 

The section of the program devoted to the Preparation and Use of Fuels 
will consist of one paper by CO. F. Hirshfeld, Chief of the Research Depart- 
ment of the Detroit Edison Company. 


Steam and Electric Power 


The discussion of Steam Power Production will be opened by a General 
Review of Current Practise prepared by Peter Junkersfeld and Geo. A. 
Orrok, Consulting Engineers. D. 8S. Jacobus, Advisory Engineer of Bab- 
cock & Wilcox Company will review Present Practise of Steam Generation 
in the United States, W. L. R. Emmet, Consulting Engineer General 
Electric Company, will write on Power from Mercury Vapor, and W. 8. 
Monroe, of Sargent & Lundy, will present the latest development in High 
Pressure and Superheat, Steam Turbines and Condensing Equipment will 
be handled by Francis N. Hodgkinson, Chief Engineer of Westinghouse 
Electric & Manufacturing Company, South Philadelphia Works. 

The Electrical Problems of Transmission and Distribution will be pre- 
sented by three authors, B. G. Lamme, Chief Fngineer, Westinghouse 
Electric & Manufacturing Company, who will treat the topic of Electrical 
Equipment for Power Stations, F. G. Baum, Consulting Engineer, who will 
discuss the Technical Problems of High-Tension Electric Transmission, 
and W. 8. Murray, Consulting Engineer, who will relate the Economies of 
Power Development in Large Stations Interconnected Into a Single Super- 
power System. 


Industrial Phases 


The Industrial Phases of Power Utilization will be represented by three 
papers, one on Steel Mill Operation by B. H. Shover, Consulting Engineer, 
one on the Textile Industry by Charles T. Main, Consulting Engineer and 
the third on the Paper Industry by A. H. White, Chief Engineer, Inter- 
national Paper Company. 

A general review of Electrochemical Progress and Processes in the 
United States will be given by F. A. J. FitzGerald, of the FitzGerald 
Laboratories of Chicago. Electric Power in Metallurgy will be discussed 
by an author to be announced later. 

The discussion of the Power Problems of Transport will be provided in 
two papers, one on Railroad Electrification by Bion J. Arnold, Consulting 
Engineer of Chicago, and the second on Electric Ship Propulsion by an 
author to be announced. 


Economic Phases 


Under the section devoted to the Economic, Financial and Legal Phases 
of Power Development, Herbert Hoover, Secretary of Commerce will 
present the Government Policies Relating to Power Development. S. Z. 
Mitchell, President of the Electric Bond & Share Company, will outline 
the Problems of Financing "Power Development in the United States, 
Guy E. Tripp, Chairman of the Board of the Westinghouse Electric & 
Manufacturing Company, will give the Relation of Power Development to 
Industrial and Economic Progress. Owen D. Young, Chairman of the 
Board, General Electric Company, will present the International Viewpoint 
on Power Development, and Carl D. Jackson, Former President of the 
National Association of Railway and Utilities Commissioners, will relate 
the Policy and Practise in the United States in Public Regulation of Public 
Utilities. An author to be announced later will discuss Private Versus 
Public Ownership and Operation. 

The Relation of Power Application to Public Welfare and Industrial 
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Expansion is the general intent of the subject of a paper by Julius Barnes, 
President of the United States Chamber of Commerce, which will be given 
in the general section of the program. This section will also contain papers 
by E. W. Rice, Jr., Honorary Chairman of the Board of the General Electric 
Company, who will point out New Fields for the Application of Power, and 
Arthur E. Kennelly, Professor of Electrical Engineering at Harvard Univer- 
sity and Massachusetts Institute of Technology, who will tell of Progress in 
International Standardization in the Power Field. The fourth paper in 
this section will treat of the Relation of Power Development to Labor by 
an author to be announced at a later date. F.H. Shepherd, W. B. Potter 
and L. B. Stillwell will participate by discussion of Railroad Electrification 
and H. I. Harriman will discuss the Relations of Power Development to 
Industrial and Economic Progress. 

It is hoped that the papers to be submitted at the Conference 
will be printed and distributed sufficiently early to allow their 
study prior to the opening of the Conference. Papers will not 
be read in full but the sessions will be devoted to oral discussion 


of the subjects with which they deal. 


ENGINEERING SOCIETY MEETINGS 

Following the World Power Conference various other meetings, 
excursions, and other events are being arranged by the leading 
professional engineering societies of Great Britain. 

The Institution of Electrical Engineers, in a letter dated 
London, February 8, to the Secretary of the Ameridan Institute 
of Electrical Engineers, extends ‘‘a very cordial invitation to 
a party of American electrical engineers and their ladies to visit 
England next July and take part in the functions indicated in 
the following tentative program.” 


Visit of Electrical Engineers, 1924 
TENTATIVE PROGRAM 
Thursday, 10th July 
a.m. Attend session of World Power Conference at the 
British Empire Exhibition, Wembly. 
1.00 p.m. Lunch at Exhibition. 
4.30 p.m. Kelvin Centenary Oration by Sir J. J. Thomson. 


Friday, 11th July 
a.m. Free (for visiting British Empire Exhibition, if 
desired). 
4.30 p.m. Presentation of Kelvin Medal to Professor Elihu 
Thomson at Institution of Civil Engineers. 
p.m. Kelvin Centenary Banquet at Connaught Rooms 
—Lord Balfour in the Chair. 


Saturday, 12th July 


a.m. Train to Cambridge. 
1.00 p.m. Lunch at one of the Colleges. 
p.m. Visit one or two colleges. 


Garden Party or other Reception. 
Train to London. 


Sunday, 18th July 


Special seats will be reserved for the visitors at the 
principal services at Westminster Abbey and 
St. Paul’s Cathedral. 

A limited number of tickets of admission to the 
Zoological Society’s gardens during the after- 
noon will be available. 


Monday, 14th July 


a.m. Train to Birmingham. 
1.00 p.m. Lunch at Birmingham. 
Visits to:— 
(a) Birmingham 
Laboratories. 
(b) Nechells Power Station of Birmingham 
Corporation. 
(ec) Stratford-on-Avon. 
and/or 
(d) Kenilworth Castle. 
p.m. Return to London by special train (dine on train). 
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Tuesday, 15th July 
a.m. Visit to Underground Railways. 
p.m. Lunch by invitation of Underground Railways. 

Drive to Windsor. 

Conversazione at the Institution of Civil Engineers 
by invitation of the Councils of the Institutions 
of Civil, Mechanical, and Electrical Engineers. 

Notre:—The Annual Conversazione of the Institution of 
Electrical Engineers will be held at the Natural History Museum, 
South Kensington, from 8.30 to 11 p. m., on Thursday, June 
26th, 1924, the Centenary of the birth of Lord Kelvin Any of 
the vis'tors from America who may happen to be in London on 
that date are requested to send their names to the Secretary, 
P. F. Rowell, Esq., Savoy Place, Victoria Embankment, London, 
W. C. 2, in order that an invitation to this function may be sent 
to them. 

The Institution of Civil Engineers has also extended to the 
members of the American engineering societies a cordial invita- 
tion to make use of the facilities a their headquarters, in Great 
George Street, Westminster, during their visit to London. 


MEETINGS IN CZECHOSLOVAKIA IN JULY 

The A. I. BE. E. has received a letter from the President of the 
Electrochemical Association of Czechoslovakia, extending a 
cordial invitation to all members of the A. I. E. E. to attend the 
Sixth Annual Meeting of that organization to be held at Prague, 
July 18-22, 1924. At this meeting various questions of interest 
to electrical engineers will be discussed, and official tours will 
be arranged following the meeting. 

An invitation to a Conference on Management to be held in 
Czechoslovakia, in July; has been extended to American engi- 
neers in a communication from Masyrk Academy to the American 
Engineering Council, and referred to the various national engi- 
neering societies. The meeting is being sponsored by the 
Czechoslovakian Society of Engineers and Architects, under the 
auspices of the Czechoslovakian Government. Management 
problems in manufacturing and allied pursuits will be the general 
topic of discussion. 

The work of arranging a program of papers and supervising 
American participation in the congress has been delegated to the 
five American organizations most active in management matters, 
namely, the Taylor Society, the Society of Industrial Engineers, 
the American Management Association, the National Association 
of Cost Accountants, and the Management Division of the 
A.S.M.E. Each of these five organizations has been requested 
to appoint a representative upon a joint committee to plan 
American participation. ; 


Engineers Hear Plan to Mobilize Industry 
in War 

Over eight hundred members of ‘the engineering societies 
cooperating with the War Department representing the New 
York sections of the Army Ordnance Association, the A. S. C. E., 
the A. I. M. E., the A. S. M. E., the A. I. E. E. and the S. A. E. 
assembled at the Hotel Commodore on Tuesday evening, 
February 5, at a dinner, after which a program for the rapid 
mobilization of the nation’s industries in the évent of emergency 
was explained and discussed. The purpose of this gathering 
was to bring the War Department’s plans for mobilization of 
materials, as well as men, directly to the engineering profession 
as a means of speeding up production. It was the general tone 
of the meeting that industrial mobilization plans were not 
militaristic but were to be regarded as the best insurance against 
Maidics Elbert H. Gary, Chairman of the Board, United States 
Steel Corporation, presided. The speakers were the Honorable 
Dwight F. Davis, Assistant Secretary of War, General John J. 
Carty, Vice President of the American Telephone and Telegraph 
Company and Past President of the American Institute of Elec- 
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trical Engineers, and Colonel James L. Walsh, Chief of the New 
York Ordnance District. 


Judge Gary read the following telegram from the President 


_ of the United States: 


I have just received a telegram informing me concerning the gathering 
of Engineers tonight to hear the Assistant Secretary of War, Mr. Davis, 
discuss Industrial Preparedness as an Insurance Against War. I am glad 
to know that the engineers, who, in such a matter, can make one of the 
very greatest of possible contributions, are so deeply interested and 
prepared to cooperate. There can be no doubt that Secretary Davis’ 
message presents a practical and highly constructive proposal which 
looks to the insurance of peacc. 

(Signed) CALVIN COOLIDGE. 
Judge Gary said in part: 


The people of the United States love peace and abhor war. They seek 
no quarrels and they desire no territory or extension of power beyond the 
confines of their country. They will submit to many things that are 
unreasonable and some that seem unconscionable, but that kind of a man, 
if aroused to duty in defense of this country, is most to be feared, because 
he is most terrible in a war that is forced upon him. 

Every intelligent man knows that the way to win a war (and, more than 
that, the way to prevent war) is to prepare for war if it is forced upon a 
country, and no one understands that better than the men who are con- 
nected with the engineering departments of industrial life. 

The army and navy have a right to demand of us that we shall do our 
part to furnish them with military necessities in time of war. 


Assistant Secretary of War Davis outlined a plan for coopera- 
tion between industries and the Government in preparing for 
war. Deseribing the Government survey now going on through- 
out the country to determine just what industrial resources might 
be counted on in time of war, he said that in preparation for such 
an emergency the country had been divided into fourteen pro- 
curement districts for the rapid production and distribution of 
war material. 


Mr. Davis said further: 


Our manpower plans are based, not upon a large professional army, but 
upon a citizen soldiery, which will come into service in time of need, and 
when the emergency is over, will go back into civil life. Our industrial 
mobilization plans are fundamentally democratic. Unless they have the 
whole-hearted support of the entire people, they cannot possibly succeed. 

Every one, every man and woman, every industry, every profession, 
must do its part in carrying out these plans, if they are to succeed. Capital 
and labor must work together. We are determined that if this country is 
ever again forced into war, there must be no slackers and no profiteers! 

We iearned in the last war, that National Preparedness does not consist 
solely in the number of men which a nation can mobilize, train and put on 
the firing line. It consists also in putting in their hands, weapons which 
are at least equal in size and quantity and efficiency with those possessed 
by the enemy. 


Stating that a complete study had been made to determine the 
needs of the army as it would be mobilized in case of war, he 
illustrated the complexity of the problem by the statement that 
a modern army needs some 700,000 different items in varying 
quantities at varying times. A standardized form of contract 
bas been prepared to facilitate getting manufacturers started 
in the rapid production of war materials. In the event of an 
emergency: 


Telegrams would radiate from my office to the fourteen procurement 
districts; from them to the 10,000 plants all over the country, which would 
be required to do war work. Each manufacturer could go to his safe; 
take out his production schedule, plans and specifications for the articles 
that he was to produce; take his standardized form of contract, sign on the 
dotted line, and the next day begin work. 


General Carty, the next speaker, called attention to the fact 
that in 1916 the President of the United States had written him 
as President of the American Institute of Electrical Engineers, 
asking the electrical engineers to aid in preparations for national 
defense. In part, he quoted as follows from the call sent in 1916 
to all of the membership of the American Institute of Electrical 
Engineers: i 


Within the next thirty days, you, as a member of the Institute, may be 
called upon to perform a patriotic national service of the greatest impor- 
tance. At the direct request of the President of the United States, the 
governing bodies of the great American engineering societies have pledged 
the cooperation and individual effort o/ their members to the end that there 
may be made a careful industrial inventory of this country’s manufacturing 
and producing resources for the purpose of national defense. 
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The value of our completed work will be incalculable. No other such 
national opportunity for patriotic service has ever before been accorded 
to the technical men of this country. Answering this call by the President 
of the United States, the governing body of our society has confidently 
pledged you to th’s wholly patriotic work. 


General Carty further said: 

We are not gathered here to advocate war, for we detest war. The 
industries of America desire nothing so much as they desire peace. But 
they have learned that if our country is kept at all times prepared to resist 
unjust aggression, then we have a most powerful insurance against attack— 
a most potent preparation for peace. 

From the earliest times, the work of the engineer has been to lighten 
the labors of man and to provide him with agencies for the advancement of 
the arts of peace. That these peaceful agencies are convertible into deadly 
engines of war is one of the great lessons of the late conflict. Few, indeed, 
are the products of American industries which, in a major emergency, 
would not be classed as munitions of war. We are here concerned, there- 
fore, not with that relatively small number of industries devoted to the 
manufacture of guns and ammunition; but the problem which we are 
discussing tonight affects directly every factory in the land... .Peace is 
not to be obtained by prohibiting the development of agencies because 
they can be employed for the purposes of war. We must be prepared, so 
that these and perhaps even greater agencies yet to be discovered, shall 
not be employed against us, to our own destruction. 

After discussing the standard contract and form of cost ac- 
counting which was being developed, General Carty suggested 
that without waiting to hear formally from anybody at Washing- 
ton, each industry communicate with the Assistant Secretary 
of War, and begin immediately a study of what will be required. 
He said: 

Such a study has already been undertaken in the telephone industry, 
at the request of our Government. By direction of Mr. H. B. Thayer, the 
President of my company, I am now at work upon the subject with the 
authorities at Washington, and the Western Electric Company, which is 
the manufacturing branch of the Bell System, is cooperating actively with 
a view to determine as definitely as possible in advance the probable 
emergency demands of the army and the navy.... 

In conclusion he said: 

We may not hope by any degree of preparedness, however wisely we may 
plan, wholly to avoid the serious losses which would fall upon all of the 
industries in the event that our country were again plunged into a great 
war. But we may hope, and we may confidently assert, that if American 
industries are adequately prepared to support our Government in uphold- 
ing the integrity of American institutions, we have done one of the things 
needful to preserving the peace of the world. 

Colonel James L. Walsh, describing some of the technical 
advances since the close of the world war, said that caterpillar 
tractors have been developed with a speed of thirty miles an 
hour as compared with a maximum of twelve miles an hour ob- 
tainable during the late war. These tractors will negotiate a 
45-degree grade and will go through water up to the driver’s chin. 

Our own Ordnance Department has designed a 75-millimeter gun with 
twice the range of the French 75 used in 1918, he continued. The 
redesigned 155-millimeter gun outranges the French G. P. ¥. by nearly 
five miles, while the new 4.7 gun outranges our own pre-war design two 
and a half times and fires a heavy projectile at that. 

Newly perfected automatic shoulder rifles bid fair to replace the maga- 
zine rifle of World War days. The .50 calibre super-machine gun recently 
developed shoots a bullet weighing four times as much as the .30 calibre 
Browning and throws it nearly three times as far. 

Plans are beirg made to bring the War Department and the 
local branches of the engineering societies together in other 
large industrial centers. It is felt that this will bring about a 
better understanding by manufacturers of the War Department's 


emergeney production program. 
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Nomination of Officers of New York Section 
for Year 1924-25. 


The Executive Committee of the New York Section of the 
A. I. H. E. appointed a Nominating Committee on February 
15th as follows: Calvert Townley, Chairman, H. A. Kidder, 
G. L. Knight, R. D. Parker, W. K. Vanderpoel. This Com- 
mittee will receive and consider any suggestions that may be 
offered by any member of the Section. Nominations by petition 
signed by not less than ten members of the Section may also be 
made and should be received by the Nominating Committee or 
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the Secretary in writing prior to March 10 on which day, as 
required by the Section By-laws, the Nominating Committee 
must place the complete list of nominees in the hands of the 


Secretary. 
Send in your suggestions at once. 


Standardization Bulletin of American 
Mining Congress 

The Fourth National Standardization Bulletin of the American 
Mining Congress has just been published. The bulletin con- 
tains a comprehensive report on standardizing mining methods, 
practise aad equipment in coal and metal mines. The following 
subjects are covered: timbering, drainage, underground trans- 
portation, mechanical loading, firefighting equipment, drill steel, 
mining and loading equipment. Copies of the bulletin may be 
obtained at a cost of $2.00 each by addressing the American 
Mining Congress, 841 Munsey Bldg., Washington, D. C. 


Research Narratives 

In January 1921, Engineering Foundation, of New York, began 
printing twice a month little leaflets entitled Research Narratives. 
Each contained a five-minute story of research, invention or 
discovery. The stories, or the materials for them, were con- 
tributed by scientists and engineers of international reputation. 

The purposes were to broaden general intelligence about re- 
search in science and engineering and to increase interest. 
Means at disposal of the Foundation permitted mailing the 
Narratives only to a limited list. The editions were soon 
exhausted; numerous requests for back numbers could not_ be 
satisfied. Suggestions came to the Foundation that the Narra- 
tives should be collected into a book and reissued. 

Believing that these Narratives would be interesting and useful 
to thousands of persons who have not known about them, Engi- 
neering Foundation (address 29 West 39 St., New York) is having 
the ficst fifty made into a small well bound book ard offering it 
at fifty cents a copy. 

The Narratives cover a wide range of subjects. A few titles 
will be suggestive: The Story of Mendelism; Electrie Welding; 
Nitrogen, Its Capture and Utilization; Whittling Iron; A 
Serbian Herdsman’s Contribution to Telephony; The Birth of 
Bakelite; The Upper Critical Score. Most of the Narratives are 
readable by students in the last years of good secondary schools 
as well as by their elders in business, industry, engineering, 
teaching and other vocations. 
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SELECTION OF REPRESENTATIVES ON EXECUTIVE BOARD 

Representatives of national engineering organizations on the 
Exceutive Board of the American Engineering Council for the 
coming year have been chosen as follows: ; 

American Society of Mechanical Engineers—Dean M. E. 
Cooley, University of Michigan; Dean A. M. Greene, Jr., Prince- 
ton; F. K. Copeland, Chicago; L. P. Alford, Fred R. Low and 
Mayor Fred J. Miller, New York. 

American Institute of Electrical Engineers—Col. J. H. Finney 
Washington; Prof. Dugald C. Jackson, Massachusetts Institute 
of Technology; C. E. Skinner, Pittsburgh; F. B. Jewett and 
L. F. Morehouse, New York. 

M. G. Lloyd, chief of the Safety Section of the U. 8. Bureau of 
Standards, will represent the American Society of Satety Engi- 
neers; S. H. McCrory, U. 8. Bureau of Public Roads, the Ameri- 
can Society of Agricultural Engineers, and H. B. Howe, Washing- 
ton, the American Institute of Chemical Engineers. e 

For purposes of organization the country has beep divided into 
eight districts, which will be represented on the Executive Board 
by the following: 
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District No. 1, Hubert E. Collins, Utica, N. Y.; District No. 2, 
W. A. Hoyt, Duluth, Minn.; District No. 3, C. R. Gow, Boston; 
District No. 4, Arthur R. Cruse, Philadelphia; District No. 5, 
John S. Barelli, New Orleans; District No. 6, C. M. Buck, 
Topeka, Kans.; District No. 7, O. H. Koch, Dallas, Tex.; District 
No. 8, J. C. Ralston, Spokane, Wash. 

The St. Paul Engineers Club has been admitted to membership 
in the Council. 
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EXTRACTS FROM REPORT FOR YEAR 1923 

During the year, the Foundation printed its annual report of 
120 pages and 24 Research Narratives. The annual report con- 
tained the second progress report on fatigue of metals, a report on 
graphitic corrosion of east iron by J. Vipond Davies and other 
statements. The Narratives are going directly to many parts 
of the world and some of them are being reprinted in technical 
journals at home and abroad. A book of research stories is 
being prepared at the request and with the assistance of a group 
of directors of research in large industries. Foundations serv- 
ices as a clearing house and a bureau of information have con- 
tinued. 

CoNDENSED FINANCIAL STATEMENT 
Calendar Year 1923 
RESOURCES 

Balance January 1, 1923 

Temporary investments, Gov't se- 

UTES, om Doe Dee ee Ceeoe $22,952. 

$27,022. 


i) 
“I 


Income from endowment and tem- 


porary investments..........-.-+-- 28,062. 64 


MotaleresOUnGeSs = 42 sas 6 a> 22s $55,084.91 


EXPENDITURES—SUMMARY 
Research projects.........-...--+++. 4 8,583.15 


Promotion of research.........----+- 7,895.80 
Administrative expenses........----: 3,937.73 


Total for furtherance and support 


@Erescarcnee.. sec 62 c= <= $20,416.68 


$34,668 . 23 


Balance January 1, 1924...... Sh acc OPE 
DETAILS OF EXPENDITURES 

ETP Sag ee go an en Dues a $11,188.14 
Sationery and printing........-----+-+e25erteee 893.58 
Miscellaneous office expenseS....--- +++ eer eres 463 .95 
Travelne OXDCNSES wg 2 4-b “ring «ne nace nt kt 239.27 
Manon ates tals aly ancacite ap eb) 15.40 
“sy Ne RTT eet ewe 2,164.19 
Pw (Slitereep een eo emer oy araeae 1,500.00 
Division of Engineering, N. R. C. (balance on prior 

APREMS EMOTE). sci a2 Bias te sv 0s a salient spoons 317.00 
Investigation of Arch Dams.....-----:+5 70007) 295.15 
Highway Research, Advisory Board.......-.----- 1,000.00 
Steam Table Research, Am. Soc. Mechanical Engi- 

Moctee balanced see ye cn et 334.00 
Internal Stresses in Metals, TARR EVESD, .  o.5,5 Slalom 6.00 
Concrete and Reinforced-Concrete Arches, Am. Soe. 

ee ee eeee ee, ett, ce Se ee ale 1,000.00 
Steel Columns for Bridges and Buildings, Am. Soe. 

lO a ere tee: te Sienigia Hs Betis cece cee 1,000.00 

$20,416.68 


Funds received by Engineering Foundation and passed through 


its accounts for projects for which it acts as treasurer, totaled 
$13,500.00 
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REVIEW OF YEAR’S PROGRESS 

A review of the activities for the year ended February 14, 1924 
shows many interesting facts in connection with the work of the 
Foundation. In regard to its general development, a change was 
made by the Foundation Board in its financial practise. Engi- 
neering Foundation, as part of its war service, expended all its 
energies from the summer of 1916 to the end of 1917 in helping 
to establish the National Research Council and in aiding the 
Couneil’s Engineering Committee. Its Founder and a member, 
each by liberal gifts, supplemented the funds ayailable. Sub- 
sequently, the Foundation joined with its Founder Societies and 
the National Research Council in creating the Division of Engi- 
neering. The Foundation provided offices for the Division and 
appropriated substantial funds toward its support, until February 
1923. This division and one of its important committees still 
are guests of the Foundation for offices. 

The Foundation continues cooperation with the Division of 
Engineering and with the Research Council as a whole. Its 
Founder and one of its officers were of the small group whose 
contributions for purchase of land assured the $5,000,000 
donation from the Carnegie Corporation for endowment and new 
building for the National Academy of Sciences and the National 
Research Council. 

In the Spring of 1923 the Engineering Foundation received 
from its Founder Societies their first direct requests (with one 
exception) for assistance in their researches. Since then other 
requests have come and appropriations were made. 

These endeavors to aid the Founder Societies emphasized the 
need for augmenting the Foundation’s resources and a Committee 
on Endowment Increase has been appointed and will make a 
concentrated attempt, with the aid of the Societies’ boards, to 
secure a million dollars before the end of 1924. 

The Foundation has made appropriations for various research 
projects and has cooperated formally or informally in many 
others. 5 

Committees have been studying and investigating the follow- 
ing subjects: Conerete Arches, Steel Columns, Mining Methods, 
Bearing Metals, Lubrication, Properties of Steam, Highway 
Research, Arch Dams, Internal Stresses in Metal, Marine 
Piling, the Fatigue of Metals, and the problems related to 
Welding. 
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EXTRACTS: FROM THE PRESIDENT’S REPORT FOR THE 
YEAR 1923 


1923 was a successful year with ro outstanding features. 


Engineering Societies Building and its equipment have been 


well maintained and a few improvements effected. There have 
been requests for offices which could not be granted because the 
building has constantly been fully oceupied. 

Memberships of the Founder Societies at the end of 1923 
totaled 54,224, and of the Associate Societies, 25,615. Conse- 
quently a total membership of nearly 80,000 have headquarters in 
our building. 

A modern fireproof projection room for motion picture ma- 
chines and stereopticons to serve the auditorium, was built dur- 
ing the Summer in the 4th floor elevator hall above the doors to 
the gallery. This improvement permitted removing from the 
rear gallery the inadequate temporary booth, which had displaced 
a number of seats and obstructed view from others. 

Improvements in the Entrance Hall, changes in lighting fix- 
tures, ete., have added to the attractiveness of the place and its 
use as a social rendezvous has increased. At the December 
meeting of the Trustees the four major wall panels were allotted 
to and are to be reserved for the Founder Societies severally for 


memorial purposes. 
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EXTRACT OF REPORT OF TREASURER FOR YEAR 1923 
CasH STATEMENT, YEAR 1923 


RECEIPTS 
Cash on hand January 1, 1923............. $ 22,754.89 
From Founders & Associates (library).....- $128,937.49 
“ Societies not in building.............. 13,120.97 
ES VATIOUS PA CCOUMNUS catenin eiensherelalstercienel the 40,079.28 
«” “Saibrary Service Bureau....:......... 16.932.78 199,070.52 
$221,825.41 
PAYMENTS 
Mor Operating PayLOuUy sits) -lcleleils «ile eten ster $ 47,974.81 
«Operating Pxpemses........0...05-+.56 35,974.24 
“ Equipt. Repairs & Alterations.......... 10 588.84 
“ Misc. Inc. Taxes and Investments....... 55,259.64 


“ Library Payroll and Expenses.......... 59,262.83 209,060.36 


$ 12,765.05 


Cash on hand January 1, 1924.............. 
Distributed as follows: 
Operavine@ashye. sie cccue che lacie severe io) sleie seals $ 5,277.90 
Depreciation & Renewal Fund uninvested 
POEL CUD Ol) eepepete eye ct See rio dotted cle 1+ 1bei apie roles ote 3,790.49 
Engineering Foundation Fund, uninvested 
TOVITICT Dal crannatcietotelavepre revere oleveys aial/sValele enclose 437.58 
Library Endowment Fund, uninvested 
principal....... is ES UPN. ci aCe oEOO O-b80 9c 307.50 
General Reserve Fund, uninvested principal.. 2,500 .00 
Jobn tritzViedal Income). 22 virvie e+ ise 451.58 
$ 12,765.05 


In addition to the above, United Engineering Society recorded on its books: 
Net Income paid to Engineering Foundation Board....... $ 26,643.82 


Paid to banks for collection, custodial & adv. charges..... 545.80 
Engineering Foundation Fund Gross Income............ $ 27,189.62 
Interest from Invested Income of Engineering Fund...... $ 1,317.20 
Paid to bank for collection & custodial charges........... 14.13 
Woe Bare declin.. 5 mcerole ob ODD CO UDO UO Odin Oo POKOIOS $ 1,331.33 
ASSETS 
Real Estate: 
IDENT eet tin ROOTS Ome or Cn $540,000.00 
BS ULICIN wera iets ats wists eceietcets eletets 1,369,398 .28 
BLQUIP MEN acct eis sees (cis tos oe shoietels « 33,171.16 
Founders’ Preliminary Exp............ 24,000.00 $1,966,569.44 
Investments—Depreciation & Renewal 
IQUE Be widhteceminia ole BIae 159,339.94 
Engineering Foundation 
Brunel. csechetticcsceieus suslete 502,066.05 
MeO LALY, ela cert rel rens 9353510 25 
General Reserve Fund... 10,000 .00 
Operating Cashier eat euler sae cueayee $ 5,377.90 
Libraryerethy Oashia. cm ceistelsre sce. ler 50.00 
Accounts! Receivablens.s,.% cccmic «ic oo « 4,510.14 9,938 .04 


$2,741,264.72 


LIABILITIES : 
Founders’ Equity in Property......... 1,966,569 .44 
Depreciation & Renewal Fund......... 159,339.94 
Engineering Foundation Fund....-.... 502,066.05 
Library Endowment Fund............ 93,351.25 
General Reserve Fund................ 10,000 .00 


Deferred! Orediticee wee meteeneore ale 54.89 
Balance in Activity Accounts.......... 9,883.15 


$2,741,264 79 
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EUROPEAN STANDARDS 
Numerous European Standards Committees have issued 
copies of electrical engineering standards and they may be seen 
at the office of the American Engineering Standards Commitiee. 
A brief outline follows: 
Belgium.—Belgium Standards Association. Report No. 14, 
requirements for armoured cables, with impregnated , paper 


jusulation for high voltages. 
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Czechoslovakia.—Czechoslovakian Standards Society. 
Booklet containing information regarding electrical standardiza- 
tion work and standards in Czechoslovakia. 

Germany.—Standards Committee of German Industry 
with the Union of German Electrical Engineers. An Annual. 
Volume of over 500 pages by Fisher. The following have 
received the formal approval of the central body: Motors, 
Transformers, Meters and Insulation. 

Great Britain.—British Engineering Standards Association. 
Control Apparatus, Insulation, Rating, Wires and Cables. 


Holland.— General Committee for Standardization in the 
Netherlands. Cable Accessories. : 

Russia.—Central Electrical Soviet in Russia. Data on 
Electrical Standards and Rules. 

Copies of the following electrical engineering standards, issued 
during 1923 by European standardizing bodies, have been re- 
ceived by the American Engineering Standards Committee. 
Copies of these standards can be furnished at a nominal charge, 
or the copies on file may be consulted at the office of the American - 


NEW SLIDE RULE FOR STANDARD PARTS 


Attention has been called to a new slide rule for standard 
parts, which was recently put on the market in Switzerland and 
exhibited at the international standardization conference at 
Zurick. The danger of making mistakes in transferring stand- 
ard dimensions to drawings and computations is practically 
eliminated and, furthermore, it is used much more quickly and 
conveniently than the usual tables of standard parts. A re- 
print, giving a picture and detailed description of this slide rule, 
is available upon request to the American Engineering 
Standards Committee, 29 W. 39th St., N. Y. C. at whose 
offices samples of the rule may be seen. 


Addresses Wanted 


A list of names of members whose mail has been returned by 
the Postal Authorities is given below, together with the addresses 
as they now appear on the Institute records. Any member 
knowing the present address of any of these members is requested 
to communicate with the Secretary at 33 West 39th St., New 
Weorale, IN, WY 

All members are urged to notify the Institute headquarters 
promptly of any change in mailing or business address, thus 
relieving the member of needless annoyance and also assuring 
the prompt delivery of Institute mail, the accuracy of our mail- 
ing records, and the elimination of unnecessary expense for post- 
age and clerical work. 


1.—F. 8. Douglass, Schweitzer & Conrad, Inec., 4435 Ravens- 
wood Ave., Chicago, II. 

2.—R. C. Elliott, Box 502, Wenatchee, Wash. 

3.—W. J. Gibbons, Toko St., Rotorua, N. Z. 

4.—Frank W. Griffin, Sorgel Elec. Co., 138 W. Water’ St. 
Milwatikee, Wis. Ty 

5.—Jerome S. Haas, 2011 Atlantic Ave., Atlantie City, N."J. 

6.—Wm. I. Milburn, 915 Jackson St., Allentown, Pa. 

7.—Henry C. Schnake, 21 E. 40th St., New York, N. Y 


ioeae Industries Fair—Basle 


It may be of interest to persons concerned in the commercial 
relations between the United States and Switzerland, to learn 
that we have received a notice from the Consulate of Switzerland 
in New York, that the Swiss Industries Fair will be held from 
May 17th to 27th. It has for its main object, along with the 
consolidation of the inland markets, the promotion and restora 
tion of international commercial relations. - 
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Engineering Societies Library 


y ts a cooperative activity of the American Institute of Electrical Engi J } 
) C she ui ngineers, the A 
s, the American Institute of Mining and Metallurgical Engineers and the Aenean Shap Er Mochene. 
“ cteties by the United Engineering Society, as a public reference 
in eases] 160,000 volumes and pamphlets and receives currently 
ts housed in the Engineering Societies Building, 29 West Thirty- 


In order to place the resources of the Librar } 
j é y at the disposal of those unable to. visit it in person, the Lib j 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, bad ecnalae nes 


Charges sufficient to cover the cost of this work are made. 


The Director of the Library will gladly give i L i 
y Z j idly give information concerning charges for the various kind } 
those interested. In asking for information, letters should be made as definite As EiMeeid so Fonte te ae 


understand clearly what is desired. 


The library ts open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to 6 p. m. 


EXTRACTS FROM ANNUAL REPORT FOR 1923 


F The routine work of the Library has progressed throughout 
the year with no unusual occurrences. During the year the 
officers have completed arrangements for a lending department. 
Ever since the foundation of the Library, there has been an in- 
sistent demand from members of the Founders Societies for the 
privilege of borrowing books. A few years ago arrangements were 
affected by which duplicate books could be lent to members, but 
the results would indicate that this service has not met the need, 
presumably because duplicates were generally the older books 
and those not in demand. Your Board has ever been alive to 
the desirability of a loan collection on a broader basis, and this 
year has found it possible to work out a plan whereby this may 
be accomplished. It is felt that if members will avail themselves 
freely of this service, it may be made selt-supporting as indicated 
by the Director’s report. : : 

With lending added to the searching, photoprinting, trans- 
lating and general reference work previously done, it would seem 
that most of the methods through which members can be served 
have been put in practise. 

During 1923 we have received $7,500 from the Carnegie 
Corporation as a part of the gift of $20,000 made several years 
ago. Although the Carnegie Corporation is thoroughly in 
sympathy with our work and is much interested in our progress, 
it finds it impossible to renew the appropriation for 1924. We 
are pleased to report, however, that relations with the Corpora- 
tion are most cordial and that it will be glad to give considera- 
tion to an application from us at a later date. This loss of income 
creates a serious situation and will necessitate not only rigid 
economy but curtailment or slowing up of some of our future 
work. 

The following financial statement for the year shows that the 
Library has been operated within its resources and that the 
Service Department, which aims to operate without profit, has 
carried on the work substantially at cost. 

The accessions during 1923 and the stock of books on hand on 


31 December are as follows: 


1 Jan. Accessions 31 Dee. 

WGA, 5. duende ron oe Gane 117,308 3,307 120,615 
Pamphlets......-.---++-++> 32,419 66 32,485 
Maps and plans......--.---- 1,576 130 1,706 
Manuseript bibliographies. . .. 3,904 0) 3,904 
eek LOO 20s. 3,503 158,710 


FINANCIAL STATEMENT 31 DECEMBER, 1923 


REVENUE Maintenance and Recataloging 


Founder Societies......-+-++++srrretcttt? $32,000.00 
National Electric Light Association. . . x ve 500.00 
i N 1 Architects & Marine Engi- 
Ais pete eo ee, 200 .00 
Carnegie Corporation.....-+-+++++ssrret' ee 
Endowment Fund Income (Net)...---+eee8 : A 
325.25 


en 


Miscellaneous Receipts.....---+-+sserser? 
$45,452.26 


EXPENDITURES 
Salaries: Maintenance. c ia. cen scce oie n $21,434.39 
Salaries; Recatalogine oi. ci, . (isc eisis.ce wierele ie 14,280.19 
BOOKS): Sina oitgene: shonotass Os ereyepertrensrel ches orev euensnecece 1,095.99 
Weriodicals'y taste elo kk lel neers Nels oreleroles 2,651.12 
Bin din gyre choco crabs ers ecscstetesvelssscies onauece 2,965.55 
Supplies & Miscellaneous................. 1,178.81 
HCUADINEN Uae ciectee ceeieheisielkaeneuerencherekerst es ausycnene 140.00 
NAVSUP EN CO ee eerie cetacean einonersiciees euauetcuere atel eile 880.16 44,626.21 
Operating balance December 31, 1923.... 826.04 
Credit balance December 31, 1922....... 70.83 
Credit balance December 31, 1923....... $ 896.87 
Service Bureau 
REVENUE " 
Search) Departmen Gaeiste avers lyerereistotere wens seucus te $10,364.57 
Photoprint Department......... Se eek tee 6,186.70 
T Ova Laer re reieretateraertene ciensl sh eteretenserst ect ohntars $16,551.27 
EXPENDITURES 
Salaries: SCAarGherse esse areustolereistelenoneraiekenens $ 9,129.24 
Salaries, photographers... .. 21. <2 6 «1+ 3,427.65 
Shoyayabes} Leute Me aad oanaodcoobocncosd Sisisss - 668.14 
Supplies, photographic............ Ne SarRrs EROS 2,288.66 15,513.69 
Operating balance... 01... cae wee eee $ 1,037.58 
Credit balance December 31, 1922....... $ 143.16 
Accounts charged off and adjusted....... 265.40 122.24 
Credit balance December 31, 1923....... $ 915.34 
Accounts receivable December 31, 1923.... $ 1,173.23 


Notre 
The Library Board at its meeting January 10, 

1924, appropriated as follows from the Serv- 

ice Bureau Credit Balance...........-+-+++ $ 915.34 
For credit to Maintenance & Recataloging for 


services of the Director during 1923-........- $ 250.00 
For immediate replacement and purchase of 


needed equipment...........2--+eeseeeees 550.00 800.00 


Net Service Bureau credit balance Dec. 31, 
ROO eerie ace atet neneha sie Laie toate otaLerals) @ sires te $ 115.34 


The complete annual report may be obtained by applying to 
the Director of the Library, Engineering Societies Building, 
33 West 39th St., New York. 


BOOK NOTICES (January 1-31, 1924) 

Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume re- 
sponsibility for any statements made; these are taken from the 
preface or the text of the book. 

All the books listed may be consulted in the Engineering 
Societies Library. 

Erxs DARSTELLUNG DES NERNST SCHEN W ARMETHEOREMS. 

By .Victor Fischer. Frankfurt a. M., Universitatsdruckerei 
Werner u. Winter, 1923. 2 pts., 9 x6 in. paper. (Price not 
given). 

Starting from geometric conceptions, the author aims to give a 
rigid presentation of the Nernst Heat Theorem and to show how 
it may be generalized and used for obtaining an equation of state, 
which will simultaneously answer for infinitely small tempera- 
tures and infinitely great pressures. 
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EvscrricaL INSULATION. 
By W. S. Flight. Lond. & N. Y., Isaac Pitman & Sons, 1923. 
(Pitman’s Technical Primers). 107 pp., illus., diagrs., tables, 


7x4in., cloth. $.85. 

This book is an attempt to deal with the most important 
characteristics of the electrical insulating materials of commerce 
and to show how they can best be applied in the insulation of 
electrical apparatus. Absorbent, non-absorbent. and liquid 
materials are discussed, as are also the factors that influence 
electric strength, the methods for testing insulation, and the insu- 
lation of high and medium voltage machinery. A bibliog- 
raphy is given. 

ELpMENTARY AERONAUTICAL SCIENCE. ; 

By Ivor B. Hart and W. Laidler. Oxford, England, Claren- 
don Press, 1923. 288 pp., illus., diagrs., tables, 8 x 5 in., cloth. 
$2.75. (Gift of Oxford University Press, American Branch.) 

The aim of this book is to supply an elementary scientific sur- 
vey of the subject, which will require no mathematical knowledge 
except elementary algebra and trigonometry. It, therefore 
occupies a position between the popular books for general readers 
and the serious treatises for students with considerable mathe- 
matical knowledge. The text is based on the instruction given 
to aireraft apprentices of the Royal Air Force, Great Britain. 
ELEMENTS OF RAILROAD ENGINEERING. 

By William G. Raymond. 4th edition. N. Y., John Wiley 
& Sons; Lond., Chapman & Hall, 1923. 453 pp., illus., diagrs., 
maps, tables, 9x 6 in., cloth. $4.00. 

Views the railroad as an organization for the manufacture and 
sale of transportation, in which the arrangement of the plant is 
as much an item of design as are the individual machines and 
processes. The subject of the book is the fixed portion of a rail- 
road plant and the principles that underly its design. — : 

The author treats of permanent way, the locomotive and its 
work, railroad location, construction and betterment surveys. 
Subjects which are fully covered in special volumes have been 
treated briefly and generally, while those treated _only in books 
similar to the present one are treated in detail. In the present 
edition various revisions have been made, and the chapter on 
rails has been practically rewritten. 

FINANCIAL ENGINEERING. 

By O. B. Goldman. 2d edition. N. Y., John Wiley & Sons; 
Lond., Chapman & Hall, 1923. 325 pp., diagrs., tables, 9 x 6 
in., cloth. $3.50. 

Contents: Introduction—Fundamental financial calculations. 
—Basic costs and vestances.—Unit cost determination.—De- 
termination of size system for best financial efficiency.—Deter- 
mination of type and size of units. 

The aim of the author is to furnish rules by which the engineer 
may determine the economic value of the different types of 
machines and installations of machinery. He endeavors to set 
forth the method of determining the installation which will give 
the greatest financial efficiency, although not necessarily the 
greatest mechanical efficiency. The new edition has been re- 
vised and extended. 

HENueEY’s 222 Rapio Crrcurr Dusiens. 

N. Y., Norman W. Henley Pub. Co., 1923. 
diagrs., tables, 8x 5 in., paper. $1.00. 

These designs have been selected from the great variety in use 
with the idea of supplying a selection of typical circuits which 
will work well, and of explaining these fully, so that the novice 
can build them with assurance of success. Diagrams are pro- 
vided for each circuit. 
InDUSTRIAL MANAGEMENT. 

By Richard H. Lansburgh. 
Chapman & Hall, 1923. 
cloth. $4.50. 

Professor Lansburgh has aimed to present a coordinated, simple 
treatment of the problems, the ideals, and the methods of success- 
ful industrial management in a way that is at the same time 
broad and specific and which indicates the responsibilities of the 
factory executives to the workers, the owners, and the com- 
munity. The book covers the whole field and is illustrated by 
examples chosen from a large variety of industries. The point 
ofgview is that of the medium-sized plant. 
INDUSTRIEBETRIEBSLEHRE. : 

By E. Heidebroek. Berlin, Julius Springer, 1923. 285 pp., 
ilus., charts, 11x 8in., boards. $4.20. 


A\thoughtful discussion of the main problems of industrial 
management, costing, factory organization, wages, depreciation 
and maintenance, with examples of cost systems for power plants 


Dep peetliticn, 


N. Y., John Wiley & Sons; Lond., 
488 pp., illus., charts, tables, 9 x 6 in., 
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and machine works. The book is not intended for beginners but 
for manufacturers and managers of experience who wish a 
connected elucidation of the broad principles otf efficient 


‘management. 


Manvuracture or Euuctric STEEL. 

By Frank T. Sisco. N. Y., McGraw-Hill Book Co., 1924. 
304 pp., illus., diagrs., tables, 9 x 6 in., cloth. $3.00. 

A cornect.d account of the manvfacture of steel in the elec- 
tric furnace, intended for students and also for those engaged in 
practise. The book describes both apparatus and methods, 
including the various types of furnaces, the materials, and the 
various processes in use, both acid and basic. 

MECHANICAL STOKING. 

By David Brownlie. 
1923. (Pitman’s Technical Primers). 
tables, 7x 4in., cloth. $1.20. 

Written from a severely practical point of view. After a 
short historical account of the beginnings of mechanical stoking, 
the author describes every make of stoker for stationary steam 
boilers which is actually on the market in Great Britain today. 
MoperNn ExecrricaAL THeory, Supplementary Chapter 17; 
Structure of the Atom. ; 

By Norman Robert Campbell. Cambridge, England, Uni- 
versity Press, 1923. (Cambridge physical series). 161 pp., 
tables. 9x6 in., cloth. $3.50. (Gift of Macmillan Co., N. Y.) 

This supplementary chapter presents in a connected narrative 
the. development in knowledge of the atom which has occurred 
since the publication of “Modern Electrical Theory.” <A brief 
introduction is devoted to the earlier work, the Rutherford-Bohr 
atom, atomic number and isotopes, and the classification of 
atomic properties. Succeeding sections discuss the nucleus, the 
extra-nuclear electrons and the combination of atoms. 

Mopern Evecrro-Piatina. 

By W. E. Hughes. Lond., Henry Frowde, & Hodder & 
Stoughton, 1923. (Oxford Technical Publications). 160 pp., 
plates, tables, 10x 6 in., cloth. $5.35. (Gift of Oxford Uni- 
versity Press. American Branch.) 

This book is not intended as a text-book but as a help to platers, 
chemists and engineers in search of practical, modern information 
on the electrodeposition of the metals of general interest im engi- 
neering. The first chapter is a general review of the subject. 
This is followed by chapters on theory, on the preparation of 
work, on the deposition process and on finishing. The various 
metals, iron, rickel, zine, lead, tin, chronium and copper are then 
considered at length. A chapter on the structure of deposited 
metal, and one on recommended reading end the volume. 
poe references and bibliographies add to the value of the 

ook. 

PRINCIPLE OF RELATIVITY. 

By H. A. Lorentz, A. Hinstein, H. Minkowski & H. Weyl. 
N. Y., Dodd, Mead & Co., 1923. 216 pp., diagrs., 9x6 in., 
cloth. $4.00. 

A Translation of ‘‘Das Relativitatsprinzip,’”’ which appeared 
several years ago. The papers here collected are by some of the 
foremost students of the theory, and the collection is intended 
chiefly to exhibit the way in which the theory gradually grew 
under the stimulus of physical experiment. 

PRINCIPLES AND Practice or TELEPHONY; vol. 4, Circuit Re- 
finements and Mechanical Switching. vol. 5, Mechanical 
Manual Switching. 

By Jay G. Mitchell. N. Y., MeGraw.Hill Book Co., 1924. 
2 vols. illus.,8x 5in., cloth. $2.50 each. 


Volume 4 discusses inter-office trunking, extra-efficient manual 
equipment, call distribution, two-digit mechanical switching 
trunk mechanical switching and mechanical switching traffic. 

Volume 5 deals with combinations, including switches; with 
the apparatus of semi-mechanical systems; and with the me- 
chanical features of equipment for very heavy traffic. As in the 
other volumes, emphasis is placed on the principles and the ap- 
paratus actually used. The books are intended for those en- 


gaged in telephone work, who wish a knowledge of its technical 
principles. 


Lond. & N. Y., Isaac Pitman & Sons, 
234 pp., illus., diagrs., 


A. C. Prorrctive Systems aNp Guar. 

By J. Henderson & C. W. Marshall. 
Pitman & Sons, 1923. 108 pp., illus., diagrs., 7x 4 in., cloth. 
$.85. (Pitman’s Technical Primers.) 


The devices described are those originated by British engi- 
neering firms. Devices for limiting current, for automatically 


Lond. & N. Y., Isaac 
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disconnecting faulty apparatus, circuit-break 

‘ a tus, - ers, fuses and 

are soeer ce and their application to different types of ee 
explained. Chapters dealing with maintenance and testing are 

included, and there is a useful brief bibliography. 


PULVERISED AND COLLOIDAL FURL. 


By J.T. Dunn. Lond., Ernest Benn, 1924. 
10x7in., cloth. 25s. 


_ A review of accomplishment in the use of powdered 
intended primarily to call its possibilities to ne Caster 
British manufacturers. The author describes the preparation 
of powdered coal, methods of transporting and firing, ash dis- 
posal, costs, advantages and disadvantages. Typical applica- 
tions for various purposes are described. A brief account of 
the manufacture and properties of colloidal fuel is included. 
Der Rapio AMATEUR. 

By P. Lertes. Dresden u. Leipzig, Theodor Steinkopff, 1924 
216 pp., illus., diagrs., tables, 9x 6in. paper. $1.35. 

A comprehensive manual for amateurs. Section one gives in 
outline the physical and electrical foundations of radio communi- 
cation. Sections two and three explain in detail the sending and 
receiving apparatus and their operation. The fourth section 
gives practical advice to amateur operators, and the concluding 
section is a brief history of the subject. An appendix of tables 
and other data includes a brief bibliography. 


RapIoactTIvity. 
By K. Fajans. N. Y., E. P. Dutton & Co., (pref. 1922), 138 
pp., diagrs., tables, 9x 6in., cloth. $3.50. 


A translation of a German work which has passed through 
four editions in three years, this book is a readable volume, in- 
tended for those desiring a general account which does not call 
for great previous knowledge of physics and chemistry. The 
book should appeal to general readers who wish information 
about the progress made in the study of the chemical elements, 
as a result of radioactive investigations. It should also be of use 
to physicists and chemists who wish to review recent develop- 
ments. Numerous bibliographic notes are included. 


197 pp.,; illus., 


RaILWAY-SIGNALLING: MECHANICAL. 

By F. R. Wilson. Lond. & N. Y., Isaac Pitman & Sons, 1923. 
(Pitman’s Technical Primers). 109 pp., illus., diagrs., 7x4 
in., cloth. $.85. 

This introduction covers very clearly the practice of signalling 
on British railroads. The lay-out of signal systems, interlocking 
the connection of cross-overs and the mechanical apparatus are 
described, and instructions for preparing plans are given. 
Ddeeditionams Nome 


96 pp., 9 x 6in., paper. 


REFRACTORIES FOR ELEectTRic FURNACES. 
American Electrochemical Society, 1924. 
$1.00. 

A collection of papers by various experts, describing the neces- 
sary qualities of refractories for electric furnaces and the prop- 


erties of the refractories available for this use. Most of these 
papers were presented before the Electric Furnace Association. 
RESEARCH INFORMATION SURVEYS ON Corrosion oF METALS, 
nos. 1-3; Nickei, Aluminum, Copper. 

By National Research Council. Research Information Serv- 
ice. Wash., D. C., National Research Council, 1923. 3 vols. 
in1,11xS8in., paper. $2.00. 

These three bulletins review our knowledge of resistance of 
nickel, aluminum and copper to various chemicals. The infor- 
mation is definite and the authorities for the data are given in 
the extensive bibliographies which accompany each monograph. 
The work will be valuable to everyone interested in the use of 
these metals. 

SrupIES IN THE Economics OF OVERHEAD Costs. 

By J. Maurice Clark. Chicago, Univ. of Chicago Press, 1923. 
502 pp., 9 x 6 in., cloth. $4.00. 

The subject of this book, Professor Clark says, may be defined 
as ‘‘a study of discrepancies between an ever fluctuating demand 
and a relatively inelastic fund of productive capacity, resulting 
in wastes of partial idleness, and many other economic disturb- 
ances. Unused capacity is its central theme. . 

In studying this question, of costs which are not traced to units 
of output or do not vary with output, the author attempts to 
utilize both the conception of cost of the cost accountant and of 
the economist, and to draw conclusions which will be of value to 
the man of business. The book is based on a course given to 
students of business and political economy at the University of 


Chicago. 
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Traction Moror Conrroy; Direct CurRENT. 
By A. T. Dover. Lond., & N. Y., Isaac Pitman & Sons, 1923. 


(Pitman’s Technical Primers.) 114 pp., illus., diagrs., 7 x 4 in., 
cloth. $.85. 


In this book Mr. Dover, who has already: published a larger 
work on traction motors and systems of control, provides a very 
elementary textbook on the control of direct-current traction 
motors, for the use of students. It is confined to an exposition 
ee us principles involved in controlling electric cars, trains, and 


UNTERBAU. 

By W. Hoyer. Berlin, Julius 
bibliothek ftir Bauingenieure). 
in., boards. $1.95. 


The first part of this book gives a brief account of those 
geological, physical and chemical properties of the crust of the 
earth which influence tunneling, earth work and mining. This is 
followed by a deseription of the methods of excavating, with 
special attention to mechanical equipment. The second section 
treats of excavating, dams, retaining walls. The third section 
described the construction of railroad underpasses and channels 
for streams. Section four treats of tunneling. The book is 
intended as a concise reference book for practical use by builders 
and designers. A bibliography is given. 


Springer, 1923. (Hand- 
187 pp., illus., diagrs., 10 x7 


UrinizatTIion oF Low GrapE AND WASTE FUELS. \ 
By W. Francis Goodrich. Lond., Ernest Benn, 1924. 368 
pp., illus., diagrs., tables, 10 x 7in., cloth. 42s. 


Considers the possibilities of lignite, brown coal, peat, coke 
breeze, town refuse, wood waste and other waste material. 
Describes the methods of preparation, the necessary boiler and 
furnace equipment, machinery for briquetting. Gives some 


nformation on the results obtained in practise. 


VALENCE AND THE STRUCTURE oF ATOMS AND MOLECULES. 

By Gilbert Newton Lewis. N. Y., Chemical Catalog Co., 
1923. (American Chemical Society. Monograph series). 172 
pp., diagrs., tables, 9x 6 in., cloth. $3.00. 


A summary of modern views concerning the structure of the 
atom and the molecule and the nature of the chemical bond. 
The author has brought together the results obtained by chemists 
and physicists and united them in a connected account. The 
book is intended to show the present state of our knowledge and 
to suggest the directions in which further research is needed. 
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F. Sr. C. Harris is at present with the Boiler Inspection & 
Insurance Company, 908 Federal Building, Toronto, Canada. 

Gwo. Surri is now General Manager of Roth Brothers & Co., 
1400 West Adams St., Chicago, Il. 

Rene M.S. De Vitis is now connected with Stone and Webster, 
Inc. of 147 Milk St., Boston, Mass. 

Wituam J. Lewis, Jr. is now associated with the Triumph 
Ice Machine Company as District Engineer and Manager of the 
New York Office, 25 Church St., New York City. 

Cuartes B. McLeszr, Fellow of the American Institute of 
Electrical Engineers, has been elected a Director and Vice 
President of the Continuous Transit Company of New York. 

H. B. Barnes, Consulting Engineer of Denver, Col. has been 
elected Secretary and ‘Treasurer of Colorado Insecticide 
Incorporated. 

R. J. M. Dantey has taken charge of the construction of a 
steam turbo-electric plant of the Central Georgia Power Com- 
pany, Macon, Ga. 

E. V. Karusen is now with the Consolidated Coppermines 
Corp. at Kimberly, Nevada, as Master Mechanic and Chief 
Hlectrician. 

Pavut Moors, formerly with the S. J. L. & P. Corporation of 
349 Thesta St., Fresno, Cal., is now connected with the Pacific 
Telephone and Telegraph Co., at San Francisco. 
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W. W. Harper has resigned from the Hardsoeg Mfg. Co. of 

Ottumwa, Iowa, and has become Research Engineer for the 
‘Zenith Radio Corp., Chicago, Ill. 

O. R. Faumine is now with Thomas E. Murrey, 55 Duane St., 
New York City. He was formerly with D. P. Robinson & Co. 
of this city. 

L. O. Gipson has severed connection with the Edendale Supply 
Co. of Los Angeles and has taken a partnership in a garage busi- 
ness in Ontario, California. 

Joun E. McCarrnay is now Electric Locomotive Repairman 
of the N. Y. N. H. & H. Railroad, Van Nest Shop, New York 
City. 

B. T. McCormick, formerly with the English Electric Co., 
St. Catherines, Ontario, is now with the Wagner Electric Corp., 
6400 Plymouth Avenue, St. Louis, Mo. 

Pavut J. Krusst, is now President of the Southern Ferro Alloys 
Company, Chattanooga, Tenn. Previous to this he was associa- 
ted with the American Lava Corporation of that city. 


T. J. Russez, at present with the Central Hudson Gas and 
Electric Co., 50 Market St., Poughkeepsie, N. Y. was formerly 
located at 450 Whalley Ave., New Haven, Conn. 


G. Francis Gray, who has been connected with The National 
Aniline & Chemical Co., Inc., 351 Abbott Road, Buffalo, N. Y. 
is now at 142 Lexington Ave., of the same city. 


Rosert Rosperrson retired from the firm of Strain & Robert- 
son, Civil Engineers, 154 West George St., Glasgow, Scotland on 
December 31st, 1923. 

J. A. TENNANT is now in charge of The Tennant Company, 
Union National Bank Bldg., Houston, Texas, which concern is 
representing the Heine Boiler Company in the southern half of 
the State of Texas. 


Roy R. Burnuam, who has been engaged for the past four years 

in practise as a consulting engineer at 119 Water St., Boston, 

'Mass., has associated himself as Treasurer with the Walworth- 
English-Flett Company, 100 Pearl St., Boston. Z 


M. L. Dunn who has been formerly with Louis T. Klander> 
Consulting Engineer of Phildelphia, has severed his connections 
with that concern and is now with Day and Zimmerman, Inc., 
with offices in Philadelphia, Pa. 


Rosert C. Barton has left the service of the Southern Cities 
Power Company and is now with the Iowa Service Co., a sub- 
sidiary of the Continental Gas & Electric Corp., Missouri Valley, 
Towa. 


H. C. Buackwe tt has severed his connection with the Kansas 
City Power & Light Company and is now Vice President and 
General Manager of the Union Gas & Electric Company, 
Cincinnati, Ohio. 


A. R. Buackwoop has been transferred from the position of 
Superintendent of the Lake Coleridge Hydro Electric Power 
Station to that of Superintendent of the new station now being 
erected at Yangahao near Shannon, New Zealand. 


L. P. Granpr has resigned as Electrical Engineer of the 
Electrical Specialty Co., Stamford, Conn. and formed a con- 
nection with the Sprague Safety Control and Signal Corp., 
New York City. 

T. J. Marrianp has recently resigned from the employ of the 
American Telephone and Telegraph Company and accepted a 
position as instructor in Electrical Engineering at the University 
of New Hampshire. 


OrvittE F. Lone has accepted the position as Chief Engineer 
and Superintendent of Power and Maintenance of the Fisher 
Body Corporation, Memphis, Tenn. He was formerly with the 
Kelsey Wheel Co. of the same city. 


Joun M. Corn of the New York Bar, formerly: an assistant 
examiner in the U. S. Patent Office and for the past five years 


¢ 
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connected with the firm of Dunn, Goodlett and Massie, has now 
opened an office for the practise of patent and trademark at 
36 W. 44th St., New York City. 

N. D. Hotes has resigned his position as Chief Engineer 
of Farmingdale Steam Plant of the Central Maine Power Co. to 
accept a position with the New England Power Co. as Operating 
Superintendent of the Davis Bridge development near Reads- 
boro, Vermont. 


*. 


Obituary 


Josepu Srruruers, treasurer of United Engineering Society 
from 1911 and of Engineering Foundation from the organization 
of its Board in 1915, died at the French Hospital in New York, 
February 18, 1924. He was secretary and treasurer of the Engi- 
neers’ Club of New York since 1909. He was born in New York, 
58 years ago and was educated in the public schools, College of the 
City of New York and Columbia School of Mines. He received 
the degree of Ph. D. from Columbia University in 1895, where he 
taught from 1885-1900. Subsequently he had various engage- 
ments connected with mining and metallurgical engineering and 
1918-1920 was in the Ordnance Department of the U. 8S. Army. 
He was a member of American Institute of Mining and Metal- 
lurgical Engineers, of which he was assistant editor 1903-05, 
assistant secretary 1906-10, editor 1906-12, a director in 1911, 
and secretary 1911-12. 

Water Merrirr Riaas, President of the Clemson Agricul- 
tural College, South Carolina, died suddenly on January 22, 1924 
while attending a meeting of the Executive Committee of the 
Association of Land Grant Colleges at Washington, D. C. 

Dr. Riggs was born in Orangeburg, S. C. in 1873 and obtained 
a B.S. in electrical and mechanical engineering from the Alabama 
Polytechnic Institute in 1893. He was awarded an EK. and M. E. 
in 1894 and an LL.D. by the South Carolina University in 1911. 

He was an instructor in English in 1894-5 and in physies in 
1895-6 at the Alabama PolytechnicInstitute. In 1896 he joined 
the teaching staff of Clemson College as instructor in electrical 
and mechanical engineering and in 1901 became professor and 
director of the engineering department, acting as president in 
1910 and finally becoming president in March, 1911. During 
the war Dr. Riggs was a member of the Naval Consulting Board 
and of the South Carolina State Council of Defence. He then 
became interested in vocational work with the A. E. F. as field 
organizer in France. 

Dr. Riggs became an Associate in the A. I. E. E.in 1901 and was 
made a Fellow in 1913. He was president of the Southern 
Intercollegiate Athletic Association in 1913-15,-vice president 
of the American Association of Agricultural Colleges and Experi- 
mental Stations in 1915, and president of the Land Grant College 
Engineering Association in 1918. 

Henry Sr. Crain Purnam, consulting engineer, died at the age 
of sixty-one on January 30, 1924 from heart disease at the Hotel 
Blackstone, New York City, after an illness of five weeks. 
Burial was in Davenport, Iowa. 

Mr. Putnam was a graduate of the Rose Polytechnic Institute, 
Terre Haute, Ind., where he received highest honors. He was 
president and valedictorian of his class and was the recipient of a 
special award for the highest standing in mathematics. Since 
that time he has also received the post graduate degrees of 
M.S. and E. E. 

In 1886 Mr. Putnam entered the employ of the Thomson- 
Houston Electric Co., Lynn, Mass. The next year he was elected 
Treasurer and member of the Board of Directors of the Thomson- 
Houston Carbon Co., Freemont, Ohio. In 1891 he -became 
associated with the Brush Carbon Co. of Cleveland and the year 
following Superintendent and Manager of the Southwestern 
Electric Light and Power Co. of Joplin, Mo. Later he was con- 
nected with the American Carbon Co., Noblesville, Ind. He then 
became a consulting engineer and had offices in Chicago and 
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Philadelphia and later was associated with Lewis B. Stillwell in 
New York. He was president of the Continuous Transit Com- 
pany, New York and had designed a system of transportation Mr. Putman was a Fellow of the American Institute of 
by means of a moving platform, in part based on his own in- Electrical Engineers, a member of the American Geographical 
ventions, and had erected a demonstration plant of this system Society, the National Geographical Society, the National 
on a large scale in Jersey City, which operated successfully. ° Conservation Association, and of the Lawyers’ Club, Engineers’ 

For eighteen years he had been Chairman of the W. C. Putnam Club, Railway Clubj of New York and Cosmos Club of 
Estate at Davenport, Iowa and had been active in the develop- Washington. 


ment of a valuable property which is held in trust for a museum 
and art gallery for that city. 


e e 
Past Section and Branch Meetings 
ae NM Sr Ae, diimasininthivamiiuiiveizenlinos ines niomntwrinnmarireinennsnicisomuaneinénjumoniounbenes 
SECTION MEETINGS Mr. Thomas Dunean, President, Duncan Electric Manufac- 


Akron.—January 23, 1924, Perkins School Auditorium. turing Company. Mr. Dunean related his experiences and told 
Subject: ‘Radio Transmitters.”’ Speaker: Mr. R. B. Cum- of his observations in connection with a trip of one year through 
mings, Radio Engineer, General Electric Company, Schenec- Africa. The lecture was illustrated with lantern slides and was 
tady, N. Y. Attendance 400. presented in a very entertaining manner. Attendance 40. 

Atlanta.—January 31, 1924, Chamber of Commerce. Sub- ATR UES | ern tented Hall, Cornell Univer- 
ject: ‘The Forecast of Populatioa and the Publie’s Requirement sity. ocial meeting. endaance : ; ; , 
— Telephone Service.” aaa Mr. H. M. Keys, Southern rest Valley.—January 24, (1924, ee oe aes 
Bell Telephone and Telegraph Company. Attendance 12. Subject: Crossing Bridges and Sealing Stone Walls. ee er: 
; Baltimore.—January 18, 1924, John’s Hopkins University. Mr: ©. BH: Skinner, Assistant Director of ree ee se ae 
Subject: “Vacuum Tubes” (illustrated). Speaker: Dr. A. W. house Electric eae Manufacturing Company, eek Sir ee , 
Hull, of the General Electric Company. Refreshments were Pa. Mr. Skinner’s paper was a most interesting and instructive 


served. Attendance 150 account of what engineering research has accomplished and 
Peet anuary 17, 1924, Engineers Club. Subject: “High particularly in the electrical ce ee eas sh Ser aa 

Voltage Cable Practice.” Speaker: Mr. D. W. Roper, Common- Lynne) annoy Ns Dene ana d Electricit The 

wealth Edison Company, Chicago, Ill. Attendance 250. Lynn. Subject: “Earth Magoetism an e y- 


Cincinnati.—January 10, 1924, Assembly Hall, Union Gas work of the Non-Magnetie Ship Carnegie. Speaker: Dr. Louis 
at , c i ‘ rent?” : . Attendance 200. 
and Electric Company. Subject: ae ane re ee A poe is ey ei Chas Ae eR 
i cer: - tv. G. r, Genera ectric¢ e pee ci a Es , 
ee ees a cles - mid eaines sn First local Section convention. Two papers Wee presented as 
aye : oe a 24 i 1923, Hotel Statler. Subject: follows: ‘‘Deep Bar Effect in Induction Motors by Ae George 
re ay oes of aa by the tice of Automatic Apparatus.” R. Prout, and ‘‘Power Losses in Cables aac eas ae Mr. 
i ce 
Speaker: Mr. R. J. Wensley, of the Westinghouse Electric and W. A. meee ra Henaeatta cba rea satu rte an. 
Manufacturing Company. Westinghouse apparatus was used dats : 5; ‘i Cioe g Re eee ee 
for demonstration. This was followed by a joint talk by Mr. inne Peta cans ae Sesion Diseetaantaeehee tne 
7 Electric Company, and Mr. F. arumesys : f ne 
5 nes a se ere Tae ceatatine oo Electric ~preliminary pzocesses ineluding mixing for the whole factory are 
og : ’ z : 
apparatus having been used for demonstration. Attendance 110. ae A oe Lsiiaeeant ao Decne Bele toute 
Denver.—January 18, 1924, University of Colorado. Joint | Sete ee A ale ” sealer MI WES Vitae. 
meeting with University of Colorado Branch A. I. E. E, Subject: ae Aer rough x : 
ott De eeiee Sarre, Cure pean jamal aes 6, 1923 and January 3, 1924, Centro 
Oe ie oie ua Ca Nas ae Sr en aoinTane de Ingenieros. Business meetings. Attendance at each meet- 
Yompany, Pittsburgh, Pa. ; he i 
— 1924, Detroit. Subject: 18 +°- eg ake ; 2 
& wa elie ts eae arbee: iar dade ile jPlee| Wansley of Philadelphia.—January 14, 1924, 1327 Spruce ieee ae 
hee ee es ee caac site nan and ject: ““Receat Developments in Steam Power Plants ss te ‘ 
the Westinghouse E see - ee ee Decerpe in the Cahokia Station at St. Louis.” Speaker: Colone 4 = 
F. Zogbaum of the ; estern orc ge ae pe developed Junkersfeld. Engineers from various ee and igh me 
Ee ee Sas re oe a atthe automatic substatiors were comparies took quite an active part in the discussion. <Attend- 
y these companie 


ance 212. a 
tS rae ie ee Pittsburgh.—January 15, 1924. Hawaiian Room, William 
Erie.—January 15, 1924, Chamber of Commerce, Auditorium. itts : 3 


i io.” c Penn Hotel. Subject: “The New Electrically Driven Hot 
ee cna seven eS ae fe i ill of the West Leechburg Steel Company. Speaker: 
oe oh, pies Weounehouse aera Si pene A as Jones, Assistant General Manager. Members of 
epee eeu Paes ae - nd how they fune- local section of the Association of Iron and Steel Electrica 
al eS eee ts ae EE 104 Engineers were invited to attend. Attendance 215. . 
ete seatoes ae co 1924, Central High School. Pittsfield.—January 17, 1924, Masonie¢ Temple. pumice 

aoe ee 8 elon, Paneer W. A. Cogshall, “The Total Helipse of the Sun January 24, 1925. Bbees 
Subject: ee eae Cosghall was amember of the Dr. B. R. Baumgardt. The lecture dealt ya a total ne ine 
* fans ae “ edition sent to Mexico to obtain photo- of the sun which will take place January 24, 1925 and whie eal 
agen : li se September 1923. During his talk he be visible from New York to Duluth. Dr. Baumgardt gave a 
ae cen nt used, which had to be built very interesting discussion of the eclipse itself, calling attention 
gg ae ent , to the fact that the observer must be in the anes " ane pe 
oon of Onis i 1 eclipse to be able to see the corona and flames which shoot ou 
I ee ae een ee gear ae the surface of the sun. He explained exactly how an 
ndian : ; 
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eclipse can take place, the. possible length of totality and many 
other phases of this interesting event. Attendance 750. 

January 31, 1924, G. E. Auditorium. Subject: “Radio 
Reception.”” Covered by the following speakers: H. M. Towne 
“Control of Regenerative Receivers”; J. D. Stacy ‘The Design 
of Tuning Systems’’; H. R. Bartlett “Radio and Audio Frequency 
Amplification’; H. M. Norton “General Principle of Reflexing.” 
Attendance 275. 

Providence.—February 1, 1924, Providence Engineering 
Society. Subject: “Troubles Caused by Transients upon 
Modern High-Voltage Inter-connected Transmission Systems.” 
Speaker: Professor F. 8S. Dellenbaugh, Jr., Massachusetts Tnsti- 
tute of Technology... Attendance 40. 

Rochester.—January 4, 1924, Rochester Engineering Society 
Rooms. Subject: ‘Development of A. C. Elevators.”’ Speaker: 
Mr. E. B. Thurston, Haughton Elevator and Machine 
Company, Toledo, Ohio. Attendance 50. 

February 1, 1924, Rochester Engineering Society Rooms. 
Subject: “Interconnection of New York State Electric Systems.” 
Speaker: Mr. Emerson P. Peck, Utica Gas and Electric Com- 
pany. Attendance 65. 

San Francisco.—January 28, 1924, Native Sons Hall. 
Subject: “Telephonie Investigation of Human Speech and 
Audition.” Speaker: Mr. George B. Thomas, Edueational 
Director, Western Electrie Company. Attendance 155. 

Schenectady.—January 18, 1924, Edison Club Hall. Sub- 
ject: “Some Problems of Engineering Edueation.”’ Speaker: 
Professor Dugald C. Jackson, Massachusetts Institute of Tech- 
nology. Attendance 110. 

Seattle.—December 19, 1923, Engineers Club. Mr. R. H. 
Marriott, Radio Aid, Puget Sound Navy Yard, presented a paper 
covering the subjects of Radio Broadeasting, Transmission and 
Reception of Radio Frequency over High-Tension Power Lines 
and the Sodion Tube Detector, illustrated with numerous slides 
and chalk talks. Attendance 45. 

January 22, 1924, Masonic Assembly Room, Areade Building. 
Subject: “Telephonic Investigation of the Humaa Speech and 
Audition.” Speaker: Mr. George B. Thomas, Edueational 
Director, Western Electrie Company. Attendance 200. 


Spokane.—January 16, 1924, Davenport Hotel. Subject: 


“Telephonic Investigation of Human Speech and Audition.” 


Speaker: Mr. George B. Thomas, Educational Director, West- 
ern Electric Company. Attendance 80. 

Springfield, Mass.—January 21, 1924, Highland Hotel. 
Joint meeting with the Engineering Society of Western Massa- 
chusetts. Subject: “The Davis Bridge Dam.’ Speaker: Mr. 
A. C. Eaton, New England Power Company. The talk was 
illustrated with lantern slides. Attendance 160. 

Toledo. January 18, 1924, Toledo Chamber of Commerce. 
Subject: “Alternating Current Elevators.” Speaker: Mr. 
E. B. Thurston, Haughton Elevator Company. Attendance 19. 

Toronto.—January 18, 1924, Mining Building. Subject: 
“Automatic Stations and Supervisory Control Systems.” 
Speaker: Mr. Chester Lichtenberg, General Electric Company, 
Schenectady, N. Y. Attendance 156. 

February-1, 1924, Mining Building. Subject: “Colfax Power 
Station of the Duquesne Light Company, Pittsburgh.” Speak- 
ers: Mr. C. E. Clark, Steam Power Engineer, and Mr. R. B. 
Howland, Electrical Engineer, of the Dwight P. Robinson 
Company, New York. Attendance 140. 

Vancouver.—February 1, 1924, Metropolitan Building. 
Mr. S. E. M. Henderson of Toroeto, Canadian Vice-President 
of the A. I. E. E., gave a brief address on the preesnt state of the 
electrical industry in Canada and the valuable work which 
is being carried out by the A. I. E. E. Myr. H. M. Lloyd pre- 
sented a paper on “Impressions Gathered from a Recent Visit 
to Easterr Canada.’ Attendance 11. 

Southern Virginia.—January 18-19, 1924, Norfolk, Va. 
Joint meeting of Southera Virginia Section of A. I. E. E. and 
Virginia Section of A.S.M.E. The meeting opened on the 18th 
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at 2.30 p. m., at the Chamber of Commerce Building, Norfolk. 
Subject: “Production and Distribution.” Speaker: Mr. Wil- 
liam G. Hammerstrom, of Lynchburg. At 6.30 p.m. an iaformal 
dinner, followed by an informal discussion of the engineering 
activities in Norfolk and vicinity. The principal adress of the | 
evening was giver by Captain H. S. Wilkins, Ordnanee Depart- 
ment, U.S. A. He outlined the activities of the Ordnance De- 
partment in peace times and explained io detail the work that 
his particular division is doing. On the morning of the 19th 
an address on the subject of “Operation of Electric Railways” 
was given by Mr. L. B. Wickersham, of the Norfolk and Southern 
Railway. Total attendance 100. 

Washington, D. C.—January 8, 1924, Cosmos Club Hall. 
Subject: “The Measurement of Phenomena of Short Duratioa.” 
Speaker: Dr. Harvey L. Curtis, Bureau of Staadards. Dr. 
Curtis showed and demonstrated one of his specially constructed 
oscillographs. Refreshments were served. Attendance 137. 

January 22, 1924, City Club. Noon-day luncheon meeting. 
The Section had as its guests Major J. Franklin Bell, Engineer 
Commissioner of the District of Columbia, and General C. 
McKinley Saltzman, Chief Signal Officer, U. S. A. Major Bell 
addressed the Section giving a short talk of fifteen minutes. 
Attendance 43. 

Worcester.—December 20, 1923, Worcester Polytechaie 
Institute. Subject: ‘‘Industrial Control and Applications 
Thereof” (illustrated). Speaker: Mr. William C. Yates, General 
Electric Company. Attendance 40. 

January 24, 1924, Worcester Polytechnic Institute. Subject: 
“The Telephone’’—An Eveniog of Moving Pictures. Speaker: 
Mr. T. L. Holmes, Western Electric Company, Boston Office. 
Mr. Holmes presented nine films showing Western Electric 
Works and the general manufacture of telephone equipment. 
Attendance 90. 


BRANCH MEETINGS 


University of Arizona.—Jaruary 8, 1924. 
tortion in Telephony” (illustrated). Speaker: 
Attendance 24. 


Subject: ‘Dis- 
Dr. Warner. 


California Institute of Technology.—February 6, 1924. 
Business meeting. Attendance 1d. 
University of California.—January 30, 1924. Subject: 


‘‘Alternating Current Generators’’ (illustrated). Speaker: Mr. 
A. C. Joces, of the General Electric Company. Atteadance 54. 

Carnegie Institute of Technology.—February 13, 1924. 
Subject: “Carrier Frequency Communication.” Speaker: Mr. 
H. A. Affel, of the American Telephone and Telegraph Company. 
Attendance 60. 

Clemson College of Technology.—January 8, 1924. Two 
of the members of the Branch who accompanied Professor A. R. 
Powe1s on the inspection trip to Pittsburgh, Philadelphia, New 
York City and Schenectady gave an account of the trip. Re- 
freshments were served. Attendance 20. 

January 22, 1924. Professor A. R. Powers gave a practical 
talk on Radio; Transmission of power through the air discussed; 


Experiments on high voltage, high frequency performed. At- 
tendanee 55. 
Colorado Agricultural College.—February 4, 1924. Sub- 


ject: “History of Radio.” 
Attendanee 12. 

University of Colorado.—January 18, 1924. Joint meeting 
with Denver Section of A. I. E. E. Subject: ‘‘Wired Wireless.” 
Speaker: Mr. C. C. Jackson, of the Westinghouse Electric 
and Manufacturing Company. Following the lecture a demon- 
stration was given with a 200,000-volt transformer illustrating 
the flashover of insulators. Attendance 175. 

January 23, 1924. Westinghouse Night. Speakers: Mr. L 
M. Cargo on “Reminiscences of George Westinghouse’; Mr. 
William Trudgian on ‘‘The Relation of University of Golorade 
Graduates With the Westinghouse Company’”’; Mr. R. A. Chase 
on “The Manufacture of Insulators’; Mr. W. H. Bullock on 


Speaker: Mr. Daggett, a senior. 
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“Apprentice School of the Westinghouse Company in 1905”; 
Mr. H. S.: Sands on “Westinghouse Engineering Accomplish- 
ments During 1923.”’ All of the speakers were representatives 
of the Westinghouse Company. Lantern slides were shown on 
“Westinghouse, the Institution.” Attendance 95. 


Cooper Union.—December 14, 1923. Subject: “‘Funda- 
mentals in Radio Circuits.” Speaker: Professor J. H. More- 
croft. Attendance 150. 

January 29, 1924. Demonstration of the operation of a 
manual telephone switchboard by the New York Telephone 
Company. Attendance 400. 


Denver University.—J anuary 11, 1924. Talk to new mem- 
bers. Dr. R. E. Nyswander gave a review of some of the papers 
that were presented at the convention of National Education 
at Cincinnati, Ohio, December, 1923. Attendance 16. 

February 8, 1924. Moving picture entitled ‘A Trip Through 
the Westinghouse Plants.” Attendance 41. 


Drexel Institute.—January 11, 1924. Subject: ‘Electrical 
Control Devices’’ (illustrated). Speaker: Mr. George Diggins. 
The evolution of the Electrie Locomotive was also shown. This 
showed the construction and operation of a modern electric 
engine. Attendance 45. 

University of lowa.—January 28, 1924. Election of officers 
as follows: Chairman, G. C. K. Johnson; Secretary, Clifford 


A. Von Hoene; Vice-Chairman, Clarence O. Sloan. Attend- 
anee 50. 
February 4, 1924. Subject: ‘‘Electrie Welding.”’ Speaker: 


Mr. A.J. Kosban. Attendance 50. 

Iowa State College.—January 16, 1924. The meeting was 
in charge of representatives of the Iowa Division of the North- 
western Bell Telephone Company. The operation of a telephone 
system was explained, ‘by means of a miniature switchboard; a 
short dialogue was given on the incorrect use of the telephone. 
Musie was also furnished. A picture showing the effect of natural 
weather conditions upon telephone lines was shown. Attend- 
ance 350. 

January 30, 1924. Subject: “Opportunities in the Electrical 
Engineering Industry.’’ Speaker: Mr. N. G. Symonds, General 
Manager of the Chicago office of the Westinghouse Electric and 
Manufacturing Company. Mr. Symonds also showed a film 
entitled ‘‘White Coal,’ which dealt with the development of 
water power. Attendance 250. 

University of Kentucky.—January 25, 1924. Subject. 
“Bugenics.”” Speaker: Dr. W. S. Anderson. Attendance 30: 

Lafayette College.—December 8, 1923. Mr. Reinecker, 
Superintendent of the Public Utilities Company of the Pennsyl- 
vania Power and Light Company, spoke on the relations of the 
Public Utilities Company to the public and how it meets the 
problems which arise. Attendance 20. 

December 15, 1923. Mr. Bressler, Service Department of the 
Pennsylvania Edison Company, gave a short talk on the duties 
of the Service Department. Attendance 20. 

January 12, 1924. Professor King gave a lecture on the con- 
trol of ships by electricity. Attendance 20. 

January 19, 1924. A motion picture entitled “The Queen of 
the Waves” (courtesy General Electric Company) was shown. 
Attendance 20. 

University of Maine.—January 9, 1924. Subject: “Re- 
cent Developments in Railway Electrification” (llustrated). 
Speaker: Mr. Bearce, a former Student of the University and now 
employed by the General Electric Company. Attendance 94. 

Marquette University.—February 7, 1924. First annual 
Branch banquet. Attendance 26. 

School of Engineering of Milwaukee.—January 25, 1924. 
Subject: ‘Modern Application of the Electrice Furnace in 
Industry.”’ (illustrated). Speaker: Mr. Payne, Service Engi- 
neer of the Pittsburgh Electrie Furnace Company. Attend- 
ance 47. 
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University of Minnesota.—January 9, 1924. Subject: 
“Steam Turbines and Their Development.” Speaker: Mr. 
Douglass, General Electric Company. Attendance 95. 

Montana State College.—January 15, 1924. Subject: 
“Opportunities With the General Electric Company.” Speaker: 
Mr. Henry Ellingson. Attendance 92. 

January 22, 1924. Four papers on ‘Radio’ were presented 
by members of the senior class. Attendance 96. 

January 29, 1924. A film entitled ‘History of the Telephone” 
was shown. Attendance 59. i 

University of Nevada.—January 30, 1924. Mr. M. M. 
Boriag, of the Industrial Service Department of the General 
Electric Company, gave an iateresting talk on the General 
Electric Organization. The main topic was regardiog the 
employment of electrical and mechanical graduates and the 
instruction course given them. The talk was preceded by 
motion vietures of the General Electric Plants. Attendance 56. 

University of North Carolina.—January 10, 1924. Sub- 
ject: “Treatment for Electric Shock.’ Speaker: Dr. E. A. 
Abernathy, of the college infirmary. Attendance 43. 

January 24, 1924. Mr. I. R. Alexander spoke in an enter- 
taining and practical way on ‘After Graduation, What?” 
Mr. T. B. Smiley explained the history, development and opera- 
tion of the induction integrating watthour meter, and pointed 
out the difference in the various types. Attendance 27. 

February 7, 1924. Subject: “‘Transmission of Pictures by 
Radio.” Speaker: Mr. H. L. Coe. Attendance 18. 

University of North Dakota.—January 14, 1924. A two- 
reel picture was shown, entitled ‘“‘Hlectrified Travelogue.” 
Attendance 13. 

Northeastern University——January 17, 1924. Subject: 
“Modern Fire Alarm Systems’ (illustrated). Speaker: Mr. F. 
A. Raymond, of the Gamewell Fire Alarm Telegraph Company. 
Attendance 37. 

Notre Dame University.—January 25, 1924. Subject: 
‘“Automatic Telephones.” Speaker: Mr. Baer, of the Auto- 
matic Electric Company, Chicago, Ill. A two-reel film entitled 
“The Dial of Destiny’ was shown. Attendance 36. 

Ohio Northern University.—January 17, 1924. Mr. 
Barnes gave a demonstration on wire splicing, and Mr. Goodman 
a talk on “Illumination.” Attendance 30. 

January 31, 1924. Subiect: ‘““The Fynn-Weichsel Motor.” 
Speaker: Dean Alden. Attendance 32. 

Oklahoma A. & M. College.— January 16, 1924. Election 
of officers as follows: Chairman, F. C. Todd; Vice-Chairman, 
R. F. Riddle; Secretary, R. W. Twidwell. An illustrated lecture 
on “The Safety Switch’ was given by Mr. Harry Hoke, of 
Stillwater. Attendance 14. 

Oregon State Agricultural College.—January 24, 1924. 
Subject: ‘Investigation of Speech” (illustrated). Speaker: 
Mr. George B. Thomas, Edueational Director of the Western 
Electric Company. Attendance 200. 

Pennsylvania State College.—January 28, 1924. Business 
meeting, followed by an interesting talk by Mr. H. O. Alexander 
on his summer work with the Philadelphia Electric Company. 
Attendance 19. 

University of Pittsburgh.—January 11, 1924. IMlte, di. INK 
Lehman spoke on current events in the electrical engineering 
field, and Mr. 8. H. Wasilewski on “Control Systems on Street 
Railways.” Attendance 33. 

January 18, 1924. _ Subjects: ‘““Mereury Vapor Turbine” and 
“Traffic Congestion,’ by Mr. A. J. Marshall; and “Life of 
Faraday,” by Mr. W. T. Ackley. Attendance B32: 

January 25, 1924. Mr. F. Wills discussed Report of meeting 
of Pittsburgh Section on a paper presented at that meeting, 
“Operation of Hot Strip Mill of West Leechburgh Steel Com- 


pany.” Mr. P. B. Long spoke on the following subjects: “How 
many Electrons for a Cent?’, “City of Tulsa Pipes Water from 
Mountain Sixty Miles Away,” ‘‘Prospects for the Engineer in 


1924 Brighter.’ Attendance 29. 
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February 8, 1924. Subjects: “Tonition Systems,” by Mr. 
C. L. Kling nsmith, student; and “Qualities to be Developed in 
th Engineer,” by Mr. C. A. Anderson, a former graduate. 
Attendance 26. 

Rutgers College.—January 17, 1924. Subject : “Balancer 
Set vs. Two Generators in a Three-Wire System,” by Mr. 
Szabo, ’24; and ‘‘Several Tmportant Points to be Considered in 
High-Voltage Transmission,” by Mr. H. Cromley, 95. Attend- 
ance 13. 

University of Southern California.—January 10, 1924. 
Business meeting, followed by a talk and demonstration on 
“Relays” by Mr. Henninger, of the Southern California Edison 
Company. Attendance 34. 

Stanford University.—January 15, 1924. Business meeting. 
Attendance 17. 

January 24, 1924. Subject: “The Work of the Bureau of 
Standards.” Speaker: Mr. H. J. Walls, of the Bureau of 
Standards. Attendance 29. 

January 29, 1924. 4:15 p. m.. Subject: ‘Electrical Trans- 
mission and Audition of Voice Frequencies” (illustrated). 
Speaker: Mr. George B. Thomas, of the Western Electric Com- 
pany. Attendance 65. 
7:15 p.m. Subject: 
(illustrated). Speaker: Mr. George B. Thomas. 

Bos 

A. and M. College of Texas.—January 25, 1924. Subjects: 
“Insulating Transformers,” by Mr. W. J. Everett; ‘““The Texas 
Traction Company,” by Mr. H. 8. Smith. Attendance 64. 

University of Texas.—January 14, 1924. Subjects: “The His- 
tory Organization and Aims of the A. I.E. E.,” by Professor J. M. 


“The Manufacture of Telephone Cables”’ 
Attendance 
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Bryant; ‘“The Development of the Vacuum Tube,” by Mr. dig 12s 
Woods; ‘‘The Application of the Vacuum Tube to Radio Cir- 
cuits,” by Mr. R. S. Willis. Attendance 25. 

February 4, 1924. Subjects: ‘“The Manual Switehboard 
Exchange,” by Mr. P. J. Rempe, (student); “Automatic Tele- 
phone Switching Equipment,” by Professor J. W. Ramsay. 
Professor Ramsay illustrated his talk with a small demonstration 
automatic telephone set. Attendance 26. 

University of Utah.—January 23, 1924. Business meeting 
and election of officers as follows: Chairman, J. J. Kaar; Secre- 
tary, M. B. McCullough. Attendance ve 

Virginia Polytechnic Institute.—January 30, 1924. Sub- 
ject: “Coneatenation of the Induction Motor.” Speaker: 
Mr. T. L. Oliver. Attendance 44. 

University of Virginia.—January 18, 1924. Joint meeting 
with the University of Virginia Branch of the A. 8. M. E. Sub- 
ject: “The Bare and Stroud Range Finder.” Speaker: Pro- 
fessor Arthur Macconochie. Attendance 27. i 

University of Washington.—January 15, 1924. Subject: 
“Recent Development of the Skagit Project.” Speaker: Mr. 
J. D. Ross, of the City Light Department. Attendance 39. 

February 5, 1924. - Election of new Chairmao, Mr. N. Mac- 
Ewell. A motion picture belonging to the Sangamo Electric 
Company was shown, depicting the process required to produce a 
modern electric meter. Attendance 41. 

Yale University.—January 16, 1924. Subject: ‘‘Speaking 
Crystals and The Piezo Electric Effect” (illustrated). . Speaker: 
Mr. A. M. Nicolson, of the Western Electric Company. At- 
tendanee 163. 
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Engineering Societies Employment Service 
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers as a coop- 
erative bureau available only to their membership, and maintained by contributions from the societies and their individual 


members who are directly benefited. 


MEN AVAILABLE.—Brief announcements will be published without charge and will not be repeated, except upon 


requests received after an interval of one month. 


the month. 


Names and records will remain in the active files of the bureau for a 
period of three months and are renewable upon request. 
EMPLOYMENT SERVICE, 33 West 39th Street, N 


Notices for this Department should be addressed to 


ew York City, and should be received prior to the 15th of 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 


members of the Societies concerned at a subscription rate of $3 per quarter, or $10 per annum, payable in advance. 


Posi- 


tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 

ps VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 
invited to cooperate with the Societies in the financing of the work by nominal contributions made within thirty days after 
placement, on the basis of $10 for all positions paying a salary of $2000.or less per annum; $10 plus one per cent of all 


amounts in excess of $2000 per annum, 


temporary positions (af one month or less) three per cent of total salary received. 


The income-contributed by the members, together with the finances appropriated by the four societies named above, will 
it is hoped, be sufficient, not only to maintain, but to increase and extend the service. : : 

REPLIES TO ANNO UNCEMENTS.— Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case and with a two cent stamp attached for reforwarding, and forwarded 


to the Employment Service as above. 
filled will not be forwarded. 


Replies received by the bureau after the positions to which they refer have been 


(For other employment announcements see page 44 of the Advertising section.) 


POSITIONS OPEN 


HEATING ENGINEER, who has had some 
practical experience in testing low pressure steam 
and hot water cast iron boilers. Efficiency and 
circulation tests on warm air furnaces Only 
engineers with this experience will be considered. 
Salary $150-$175 a month. Location, New 
Jersey. R-3267. 

ENGINEER, who has had accounting experi- 
ence in a factory making large quantities of small 
devices like telephone and telegraph apparatus. 
Salary $5000-$6000 a year. Location, New York 
City. R-3223. 


MEN AVAILABLE 
ELECTRICAL ENGINEER AND EXECU- 
TIVE of 43, married, technical education, 


Associate A. I. E. E. 28 years’ unusualiy broad 
experience in every conceivable phase involved 
under the heading of ,“‘Electrical Machinery.’ 
Thorough experience in' design and production 
from fractional to 300 kw., experienced in applica- 
tion, sales maintenance. Industrial and power 
plant design and installation. Business and 
factory management of large repair shop and 
rebuilt machinery. Wants connection with good 
organization who can advantageously absorb 
his valuable services at consistently reasonable 
remuneration. B-7313. 

GRADUATE ELECTRICAL ENGINEER 
with varied executive experience, available with 
reasonable notice. Six years plant superin- 
tendent with large public utility. Three years on 
electrical equipment development, two years in 


-100 to 500 men. 


responsible control. Three years plant manager 
of non-electrical industrial plants employing from 
Age 37, present salary 
B-7386. fia 
DEVELOPMENT ENGINEER. My line is 
designing and developing electrical apparatus 
standardizing parts and organizing quantity 
production. I like problems requiring original 
design and inventive application. Good record 
electrical graduate, age 29. Wr ; 
ate, a 29. hat 
ee have you? 
‘ GRADUATE ELECTRICAL ENGINEER 
24 years of age. 9 months’ experience shell 
manufacturing, two months’ experience small 
motor tests, sixteen months’ experience switch- 
board design and responsible charge of drafting 
wiring and factory assembly. Now employed. 
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Desires change of location with future for execu- 
tive work and application of originality. 


ELECTRICAL ENGINEER, 1922,  secks 
position where proper training will lead to a 
promising future. Two years’ general experience, 
New York City and vicinity preferred. B-7227. 


ENGINEER-ACCOUNTANT-Licensed _ elec- 
trical engineer New York state. Age 33 years. 
Experienced in power station and industrial 
Plant design. Training in engineering and 


business administration including accountancy. 
B-7364. : 


PUBLICITY ENGINEER—R. P. I. 
E. E. Excellent recommendations. Instructor 
R. P. I, since graduation. Author plays pur- 
chased by French, New York and London. 
Engineering reports Western Electric Company 
summer 1920. Prgduction-Contro] Department 
Cluett, Peabody & Co., summer 1922. Super- 
intendent State Street Bible School 1922 to date. 
B-7443. 


1920. 


GRADUATE ENGINEER, age 24, single, 
with two years’ experience in distribution ongi- 
neering; desires position with a power company 
on. design and construction of power plants. 
Location anywhere in United States. B-7455. 


GRADUATE ELECTRICAL ENGINEER, 
1922, single, one year drafting room experience 
in electrical machine design. At present em- 
ployed but would like position ultimately leading 
to responsible work with small manufacturing 
concern, or in consulting engineer’s office. Ca- 
pable of handling field work on construction. 
Prefer New York or Chicago, but willing to go 
elsewhere. B-7454. 


DRAFTSMAN, electrical, age 27, served 
apprenticeship in shop: switchboard department 
foreman. Three years’ drafting experience on 
central station switchboards, substation and 
powerhouse layout. At present employed draft- 
ing. Desires position with Eastern manufacturer, 
New York or New England preferred. B-7453. 


ELECTRICAL ENGINEER, technical gradu- 
ate with 3 years on G. E. test, 9 years on design 
and construction of railway and power distribu- 
tion and power transmission. Experience in 
appraisal of electrical railway properties. De- 
sires permanent position of responsibility with 
constructing and operating company. B-7456. 


ELECTRICAL ENGINEER, class of 1920, 
desires position. 114 years’ experience in inspec- 
tion and testing department of a large corporation. 
Two years’ teaching experience in a trade school 
teaching contracting and construction. Several 
months’ experience with a large publishing firm, 
publishing scientific magazines and books. 
Would like to make connection with some engi- 
neering concern. B-3781. 


INSTRUCTOR OR ASSISTANT PROFES- 
SOR in Electrical Engineering. Five years’ 
engineering experience. Six years teaching. 
Age 32, married. Desires position as instructor 
or assistant professor in Electrical Engineering. 
An opportunity to do graduate work desirable 
but not essential. B-7463. 


TECHNICAL GRADUATE, would like posi- 
tion on test floor of some small company, where 
he will get experience on all types and sizes of 
motors and generators. Experience consists of 
testing on automatic telephone. Armature wind- 
ing and steel mill maintenance. B-7464. 


GRADUATE M. E. and E. E. Cornell, age 40, 
married. Sixteen years’ manufacturing and 
industrial experience as designing, sales and 


B-6918." 


INSTITUTE AND RELATED ACTIVITIES 


operating engineer. Member A. I. E. E. and 
Association of Iron and Steel Electrical Engineers. 
Desires permanent connection with good remuner- 
ation, and responsibility with well established 
industrial organization, electrical manufacturer 
or consulting engineer. B-6694. 


RESEARCH ENGINEER, graduate Univer- 
sity of Toulouse, France, 6 years’ University 
course and laboratory training, 2 years’ research 
experience, familiar with mathematics and 
physics, author of many inventions. Speaks 
many languages, single. Desires position with 
electrical or radio concern having broad field of 
activity and recognizing ability, Available on 
short notice. B-7178. 


EXECUTIVE-SALES ENGINEER. Tech- 
nical graduate desires connection in sales depart- 
ment of progressive manufacturing concern 
located in the middle west. Twelve years’ 
experience in executive and sales work with large 
electrical manufacturer. B-7472. 


SUPERINTENDENT of construction desires 
position, supervisory capacity on transmission 
and distribution, power or signal system. 38, 
18 years’ practical experience on underground 
conduit and cable work, steel tower and pole 
line construction. Can furnish 15 experienced 
live wire and tower linemen if desired. B-7473. 


COMMERCIAL ENGINEER, for Central 
Station. Twelve years’ experience in power 
plant investigations, commercial sales, installa- 
tion and operation of equipment. ‘Technical 
graduate. Available on short notice. 'B-7492. 


E. E. ’22 and B. S. ’21 desires to change his 
position. 10 months’ experience in the design, 
development and testing of radio materials, 1 
years’ experience as assistant engineer in large 
shop manufacturing automatic signal and photo- 
metric devices, 3 months’ experience as production 
manager with manufacturer of radio, railroad 
and marine supplies. B-5435. 


PRODUCTION ENGINEER. A young man 
who has been educated and experienced to corre- 
late the viewpoint of the electrica] and industrial 
engineer, is available for an organization manu- 
facturing electrical equipment. Able to formulate 
process layouts, planning and production control. 
Member of A. I. E. E. and 8. 1. E. B-7482. 


MECHANICAL AND ELECTRICAL ENGI- 
NEER, American, desires responsible position. 
20 years’ experience in construction, operating 
and maintenance of power plants and street 


railways. Working knowledge of Spanish, excel- 
lent references. Now employed, available 2 
weeks. B-6459. 


ELECTRICAL AND MECHANICAL ENGI- 
NEER, college graduate. Two years’ experience 
in line construction and machine designing. Age 
26, prefer west coast, but will consider any loca- 
tion. Married, expect salary of $2500 per year. 
B-7481. 


PROFESSOR, ELECTRICAL ENGINEER— 
Teaching experience of ten years covers nearly 
all basic and specialized electrical courses. 
Broad experience in the industry covering con- 
struction, design and general engineering work. 
Desire professorship in electrical engineering. 
Available in September. Salary about thirty- 
five hundred dollars. B-7083. 


YOUNG MAN, age 23, technical college 
graduate 1923 in EH. E. Several years’ business 
experience in retail merchandising, also some 
experience in municipal engineering work. 
Desires start in electrical engineering. Middle 
west preferable. B-7495. 
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EXECUTIVE ASSISTANT—Position desired 
with growing ‘company in commercial rather than 
purely engineering capacity, by electrical engineer 
withnine years’ experience since graduation. Work 
has covered manufacturing, design, appraisal, 
maintenance, and power plant operation. Past 
five years has been spent with one company with 
work on controller manufacture, design and 
machine design. Position as assistant to general 
executive preferred. A-280, 


SALES ENGINEER, Yale graduate, trained 
in Westinghouse Apprenticeship Course at East 
Pittsburgh and Service Department at New York. 
Ten years’ experience in mechanical and electrical 
sales, designing and contracting work in many 
factories producing a great variety of products. 
Desires connection with a thoroughly reliable 
company where demonstrated ability and hard 
work will win rapid advancement in position 
and salary. B-7493. 


SUMMER EMPLOYMENT, Electrical engi- 
neer desires position from June 10 to Sept. 20. 
Construction work in New York State preferred. 
Experience, 3 years, instructing in junior and 
senior courses at Cornell, 1 year in Engineering 
Department of the Philadelphia Electric Co., 2 
summers in the Westinghouse Branch Office at 
Buffalo and 1 summer in the Engineering Depart- 
ment of Buffalo General Electric Co. Salary 
$200 a month. B-7496. 


TECHNICAL GRADUATE in electrical and 
agricultural engineering. Six years’ university 
training. Married. Six years’ practical experi- 
ence distributed over fields of electrical and 
chemical manufacture, public utility, research 
and teaching. Inventive ability. Desires posi- 
tion in electrical or allied fields where opportuni- 
ties for expansion, with commensurate returns, are 
good and initial salary is not less than $2100. 
B-7498. 


ENGINEER-EXECUTIVE, technical gradu- 
ate with seventeen years’ successful experience in 
design, construction and operation ot steam and 
hydroelectric plants and industriai properties. 
Ability to handle men and develop harmonious 
relations. At present employed, but desire to 
make change about May first. _ B-1229. 


GRADUATE MECHANICAL ELECTRICAL 
ENGINEER. Well grounded in fundamentals 
and theory and reinforced with broad practical 
experience covering development, design, manu- 
facturing and construction of engineering proper- 
ties and equipment. Also plans, specifications, 
purchase, installation and operation of mechanical, 
electrical, hydraulic and refrigerating plants and 
equipment. , Desires responsible position of con- 
sultative or advisory capacity with aggressive 
manufacturing, power or engineering concern. 
B-2656. 


GRADUATE ENGINEER, M. E. E. E. Cor- 
nell. Associate A.I. E. E. Age 31 years, single, 
location immaterial. 2 years assistant to chief 
engineer drafting and plant testing, 6 years 
electrician, assistant chief engineer, acting chief 
engineer, construction, operation, maintenance, 
mechanical and electrical divisions electrified 
sugar factories, Cuba and Porto Rico. 1 year 
commission officer steam Eng. Div. U. 8. N. 
Desires position with construction, power or 
consulting engineer. B-6925. 


ELECTRICIAN, licensed, seven years’ experi- 
ence in electrical construction and maintenance. 
Technical education. Desires position in the 
engineering line. Resident of Chicago, Illinois 
B-7513. 
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ASSOCIATES ELECTED FEBRUARY 7, 1924 


ABBEY, SAMUEL H., Centrai Station Engg. 
Dept., General Electric Co., Schenectady ; 
for mail, Watertown, N. Y. 

*ABBOTT, L. EMERSON, Floor Electrician, 
Union Gas & Electric Co., Front & Rose 
Sts., Newport, Ky. 

ADELSTEN, KENNETH OLAI, Engineer) 
American Tel. & Tel. Co., 195 Broadway, 
New York, N. Y. 

*ALBERT, RUDOLPH M., Foreman, Lord 
Electric Co., 105 W. 40th St., New York, 
N. Y. ; 

*ALLEVATO, WILLIAM JOHN, Student, Uni- 
versity of Southern California, Los Angeles, 
Calif. 

ALMQUIST, CARL OSCAR, Queens Electrica! 
Equipment Co., 86 Main St., Flushing; res.> 
Little Neck, N. Y. ; 

ANDERSON, BARRETT EUGENE, Substation 
Operator, Great Western Power Co.,Berkeley, 
Calif. ; 

*ANDERSON, CLAIRE A., Design & Develop- 
ment Engr., Supply Engg. Dept., Westing- 
house Elec. & Mfg. Co., East Pittsburgh; 
res., Wilkinsburg, Pa. 

*ANDERSON, RAYNOR G., Field Engr., 
Distribution Div., Engg. Dept., Common- 
wealth Edison Co., 72 W. Adams St., Chicago, 
Ill. 

ANDERSON, TED OC., Draftsman, Westing- 
house Elec. & Mfg. Co., 2201 W. Pershing 
Rd., Chicago, Ill. ; 

ANNIS, JAMES BERNARD, Foreman, Kansas 
City Power & Light Co., 1330 Grand Ave., 
Kansas City, Mo. 

*APPLEMAN, FRANK CHARLES, Student, 
University of Minnesota, 509-15th Ave., 
S. E., Minneapolis, Minn. 

-ARONSON, SAMUEL, Electrical Draftsman, 
New York Edison Co., 44 E. 23rd St., New 


York, N. Y. 

*AXMAN, BERTRAM, Student Engineer, 
Testing Dept., General Electric Co., Schenec- 
tady, N. Y. 


BALDWIN, EDWARD NICHOLAS, Mechan- 
ical Engr., Transformer Engg. Dept., West- 
inghouse Elec. & Mfg. Co., ‘East Pitts- 
burgh, Pa. 

BALSON, DONALD WESLEY, Testing Dept., 
Packard Electric Co., Warren, Ohio. 

BARCLAY, ALEXANDER J., Equipment 
Statistician, New York Edison Co., 44 E. 
23rd St., New York; res., Yonkers, N. Y. 

*BARENSCHER, PAUL J., Student. Univer- 
sity of Wisconsin, 543 State St., Madison, 
Wis. 

*BARKER, ORLAN, Inspector, Brooklyn Edison 
Co., 1553 E. 14th St., Brooklyn, N. Y. 

BARNES, WILLIAM A., Electrical Testing 
Laboratories, 80th St. & East End Ave., 
New York, N. Y. 

BARNET, JOHN H., Valuation Dept., Portland 
Railway, Light & Power Co., Electric Bldg., 
Portland, Ore. 

*BARR, JAMES RAYMOND, General Tester, 
New York Edison Co., 92 Vandam St., New 
York; res., Brooklyn, N. Y. 

BAUER, RALPH G., Electrical Draughtsman, 
H. Koppers Co., Union Trust Bldg., Pitts- 
burgh, Pa. 

BEADLE, WALTER JAY, Traffic Engr., Phila- 
delphia Rapid Transit Co., 59th & Callowhill 
Sts., Philadelphia, Pa. 
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INSTITUTE AND RELATED ACTIVITIES 


Engineer, 
Co., East 


Materials 
& Mfg. 


BECKER, JAMES R., 
. Westinghouse Elec, 
Pittsburgh, Pa. 

*BEHRENS, WILLIAM JOHN, Testing Dept., 
Commonwealth Edison Co.,28 N. Market St., 
Chicago, Ill. 

*BELL, ADAM, Electrical Draftsman, Toronto 
Hydro-Electric System, Duncan St., Toronto, 
Ont., Can. 

*BERG, SAMUEL ARNOLD, General Engineer, 
Westinghouse Elec. & Mfg. Co., East 
Pittsburgh; res., Wilkinsburg, Pa. 

*BERNHARDT, CARL P., Time Study, West- 
inghouse Elec. & Mfg. Co., 160-7th St., 
Brooklyn; res., Arverne, N. Y. 

*BERRY, THOMAS LANSDALE, JR., Engg. 
Assistant, Chesapeake & Potomac Telephone 
Co. of Baltimore, 108 East Lexington St., 
Baltimore, Md. 

*BEYERS, ARTHUR PAUL, Construction 
Foreman, Consumers Power Co., Jackson; 
for mail, Saginaw, Mich. 

*BLANKENBUEHLER, JOHN HENRY, Engi- 
neer, Westinghouse Elec. & Mfg. Co., East 
Pittsburgh; res., Wilkinsburg, Pa. 

*BLESSING, EARLE CLIFFORD, Telephone 
Engineer, Western Electric Co., Inc., 463 
West St., New York, N. Y. 

BOARDMAN, RUSSELL LEONARD, Elec- 
trical Engineer, Westinghouse Elec. & Mfg. 

Co. East Pittsburgh; res., Wilkinsburg, Pa. 

BODY, HOWARD THOMAS, Telephone Engi- 
neer, Siemens Bros. & Co. Ltd., 807 Mc- 
Arthur Bldg., Winnipeg, Man., Can.” 

BOHL, CLYDE, Student Engineer, Consumers 
Power Co., Jackson, Mich. 

*BOICE, MILFORD C., Distribution Engineer, 
Public Service Co., 129 N. Genesee St., 
Waukegan, Ill. 

BOND, EDINGTON DANIEL, Automobile 
Electrician, 2213-17 McElderry St., Balti- 
more, Md. 

BONIFIELD, HERSCHEL M., Engineer, New 
York Telephone Co., 104 Broad St., New 
York, N. Y. j 

BOSSARD, GISBERT L., President & General 
Manager, Bossard Railway Signal Co., 
Cannon Bldg., Troy, N. Y. 

*BOXER, JULIUS, Armature Winder, Wash- 
ington Electric Co., 41 W. 4th St., New York, 
IN. 

*BRAAM, ALFRED‘ E., Student, School of 
Engineering of Milwaukee 415 Marshall St., 
Milwaukee, Wis. 

*BRADEN, RENE ALBERT, Assistant in 
Electrical Engineering Dept., University of 
Minnesota, Minneapolis, Minn. 

*BRAUN, ELMER HENRY, Automatic 
Control Man, Duquesne Light Co., Chamber 
of Commerce Bldg., Pittsburgh; res. Wilkins- 
burg, Pa. 

*BRICKS, HARRY MAXWELL, Industrial 
Control Engg. Dept., General Electric Co., 
Bloomfield; res., East Orange, N. J. 

BRISTOL, WYMAN A., Engineer, The Bell 
Telephone Co. of Penna., 261 N. Broad St., 
Philadelphia, Pa. 

BROCKMEYER, EDGAR W., Chief Engineer, 
Master Electric Co., Ist & Sears St,, Dayton, 
Ohio. 

BROWN, CARL W., Field Engineer, Kansas 
City Power & Light Co., 1330 Grand Ave., 
Kansas City, Mo. 

*BROWN, ROSS D., Engineer, Statistical 
Dept., Monongahela West Penn Public 
Service Co., 503 Bethlehem Bldg., Fairmont, 
W.Va. 

*BRUNING, WILLIAM H., Technical Employe, 
Plant Dept., American Tel. & Tel. Co., 
311 W. Washington St., Chicago, Ill. 
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*BUBLITZ, ZENO PALMER, Student, School 
of Engineering of Milwaukee, Milwaukee; 
res., Cedarburg, Wis. 

*BUCHANAN, ARTHUR BURRIS, Electrical 
Engineer, Detroit Edison Co., 2000-2nd Ave., 
Detroit, Mich. 

*BUDENBOM, HORACE TRENT, Telephone 
Engineer, Western Electric Co., Inc., 463 
West St., New York, N.Y... . 

*BUEHL, LOUIS 4H., - JR., Engineering 
Assistant, Bell Telephone Co. of Penna., 
261 N. Broad St., Philadelphia, Pa. 

BUNTING, ROWLAND, Designer, Automatic 
Switchgear Dept., General Electric Co., 
Schenectady, N. Y. 

*BURNELL, WILLIAM R., Technical Em- 
ployee, American Tel. & Tel, Co., 311 W. 
Washington St., Chicago, Il. 

BURNS, MURRAY ROBERT, Electrical 
Draftsman, New York Edison Co., 44-E. 
23rd St., New York; res. Brooklyn, Ne Ys 

BUSCH, ALOYSIUS JOHN, Student Engineer, 
Western Electric Co., Inc., 463 West St., 
New York; res., Brooklyn, N. Y. 

BUSHER, JOSEPH EDWARD, Superintendent 
Station Construction, Kansas City Power & 
Light Co., 1330 Grand Ave., Kansas City, Mo. 

BUTLER, RALPH LUDFORD, Chief Agent, 
Rights of Way Dept., Central Hudson Gas & 
Electric Co., 50 Market St., Poughkeepsie, 
N. Y.; res., West Cheshire, Conn. 

CADWELL, NORMAN ROSS, Relay 
Cleveland Electric Illuminating Co., 
Illuminating Bldg., Cleveland, Ohio 

CALLAHAN, WILLIAM JOSEPH, Electrical 
Draftsman, New York Edison Co., 44 E. 
23rd St., New York, N. Y.; res., Jersey City 
Heights, N. J. 

CARLSEN, FRED. HARRY, Field Engineer, 
Public Service Electric Co., Hackensack, 
Neds 

CARMICHAEL, JOHN, Power Inspector, West- 
ern Electric Co., Inc., 186 Joralemon St., 
Brooklyn, N. Y.; res., Jersey City, N. J. 

CARPENTER, JOHN ALFRED, Draftsman, 
New York Edison Co., 44 E. 23rd St., New 
York, N. Y.; res., Rutherford, N. J. 

*CASE, CHARLES ELMER, Instructor in 
Electrical Engineering, Cornell University, 
Franklin Hall, Ithaca, N.Y. 

*CATCHPOLE, LESLIE ARTHUR, Asst. 
Maintenance Electrician, Britannia Mining & 
Smelting Co., Britannia Beach, B. C., Can. 

CHAPMAN, GEORGE CURTISS, Industrial 


Tester, 
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Plant Engineering, General Electric Co., 
Greenwich St., New York; res., Brooklyn, 
nan es 


*CHAPMAN, ROBERT LESLIE, Electrician, 
Chicago, Milwaukee & St. Paul Railway, 
Deer Lodge, Mont. 

*CHIE, JOSEPH, Student, College of Electrical 
Engineering, Marquette University, Mil- 
waukee, Wis. 

*CHUNN, WINGATE, 
Telephone Co., 
Wis. 

*CHURCH, LEONARD HUGHES, Instructor 
in Electrical Engineering, State 
Agricultural College, Kans.; 
res., Winona, Minn. 

CLARK, WILLIAM A., Electrical Draughts- 
man, New York Edison Co., 44 B. 23rd St. 
New York; res., Flushing, N. Y. 

*CLARKE, THOMAS H., Line Construction, 
Pacific Gas & Electric Co., 445 Sutter St. 
San Francisco, Calif, 

CLIPSON, LOUIS THOMAS, CHIEF Elec- 
trician, Timken Roller Bearing Co., 1025 


Cleveland Ave., Columbus; res., 
noldsburg, Ohio. 


Inspector, Wisconsin 
418 Broadway, Milwaukee, 


Kansas 
Manhattan, 


Rey- 
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CODEMO, FRANK V., Electrical Draughtsman, 
New York Edison Co., 44 E. 28rd St., 
New York, N. Y. 

COLES, CARL FEATHERSTONE, Electrical 
Engineer, Westinghouse Elec. & Mfg. Co., 
East Pittsburgh; res., Wilkinsburg, Pa. 

CONNOLLY, WILLIS HENRY, Asst. Elec- 
trical Engineer, State Electricity Commission 
of Victoria, 22-32 William St., Melbourne, 
Australia. 

CONRAD, PAUL M., Electrical Engineer, 
Industrial Control Engg. Dept., General 
Electric Co., Schenectady, N.Y. 

*COOPER, ROBERT JAMES, Testing Dept., 
Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh; for mail, Wilkinsburg, Pa. 

COSTA, MARIO P., Electrical Draftsman, 
New York Edison Co., 44 E. 23rd St., New 
York; res., Brooklyn, N. Y. 

COX, FRANCIS, Night Emergency Trouble 
Foreman, Cleveland Electric Illuminating Co. 
Cleveland, Ohio. 

CROCKETT, ROBERT VERMILLION, Gen- 


erator Attendant, Bluestone Power 
Station, Pocahontas, Va. 

CROSBY, WILLIAM W., Draughtsman, 
New York Edison Co., 44 E. 23rd St., New 
RYIOPKEANI Yi. 

CUMMINGS, GEORGE FREDERICK, 


Draughtsman, New York Edison Co., 44 E. 
23rd St., New York, N. Y.;res., Orange, N. J. 

*CUMMINGS, JOHN SPEARMAN, Engg. Asst. 
New York Telephone Co., 104 Broad St., New 
York; res., Westbury, N. Y. 

CUNNINGHAM, JOSEPH M., Engineering 
Dept., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh; res., Wilkinsburg, Pa. 

*CURRIE, FRANK LESLIE. Student, School 
of Engineering of Milwaukee, 415 Marshall 
St., Milwaukee, Wis. 

*CUSHMAN, ROBERT WINSLOW, Electrical 
Construction Dept., New England Power Co., 
Readsboro, Vt. 

*DAHL, HJALMER A., 
Westinghouse Elec. 
Pittsburgh, Pa. 

*DALRYMPLE, EDWARD ROSS, Graduate 
Student, Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa., res., Westmount, Que., 
Can. 

DAS, JOSIAH PREMA, Student Engineer, 
General Electric Co., Schenectady, N. Y. 
DAVIDSON, CYRUS CALVIN, Student Engi- 

neer, General Electric Co., Fort Wayne, Ind. 

De BONNEVAL, HENRY ANTHONY, Drafts- 
man, New York Edison Co., 44 E. 23rd St., 
New York, N. Y. 

DECAMP, RENAN, Chief Operator, Montana 
Power Co., Wolf Creek, Mont. 

De LANGEN, THEODORUS, Electrical Engi- 
neer, Consumers Power Co., Jackson, Mich. 

*De TURK, ELMER F., Electrical Engineer, 
Line -Dept., Metropolitan Edison Oo., 
Reading; res., West Reading, Pa. 

DISPENNETTE, CLIFFORD DANUAL, Steam 
Electric Engg. Dept., Andrews Steel Co., 
Newport, Ky. 

DODGE, JAMES WILLIAM, Central Station 
Engg. Dept., General Electric Co., Schenec- 
tady. iN. Y¥< 

DOOLITTLE, WALTER PHILO, Industrial 
Engineer, Kansas City Power & Light Co., 
1330 Grand Ave., Kansas City, Mo. 

DOREMUS, FRANCIS HEWARD, Head of 
Testing Section, General Electric Co., 
Schenectady, N. Y. 

DOSS, GERALD JASPER, Commercial Engi- 
neer, General Electric Co., Fort Wayne, Ind. 

DOUDEN, PAUL A., Manager, Globe Electric 
Supply Co., 1622 Wazee St., Denver, Colo. 

*DOWNIE, JOHN MELDRUM, Student Engi- 
neer, A. C. Engg. Dept., General Electric 
Co., Schenectady, N. Y. 

DRAKE, WILLIAM A., Engineer, Western Elec- 
tric Co., Inc., 463 West St., New WorkwiNe Xa; 
res., Hast Orange, N. J. 


Engineer, 
Co., East 


General 
& Mfg. 


INSTITUTE AND RELATED ACTIVITIES 


*DREWETT, GEORGE ASA. Student Engineer, 
General Electric Co., Schenectady, N. Y. 
*DROST, HENRY FRANCIS, Overhead Distri- 
bution Dept., Commonwealth Edison GCo., 
72 W. Adams St., Chicago; res., Cicero, Ill. 

EBERT, EDWARD, JR., Laboratory Assistant, 
Brooklyn Edison GCo., Inc., 360 Pearl St., 
Brooklyn, N. Y. 

EDMONDS, WARREN OLIVER, Engineer, 
Station Engg. Dept., Kansas City Power & 
Light Co., 1330 Grand Ave., Kansas City, Mo. 

EGEE, ARCHIE H., Electrical Draftsman, 
Philadelphia Electric Co., 1000 Chestnut St., 
Philadelphia; res., West Philadelphia, Pa. 

*ELDRIDGE, GEORGE CLARK, JR., Engg. 
Assistant Bell Telephone Co. of Penna., 1230 
Arch St., Philadelphia, Pa.; res., Woodbury, 
Nir 4 

ELLSWORTH, PAUL R., General Maintenance 
Foreman, Cleveland Eiectric  Iluminating 
Co., 308 Illuminating Bldg., Cleveland, Ohio. 

ELMIGER, HENRY HERMAN, Electrical 
Draftsman, Engg. Dept., New York Edison 
Co., Mercantile Bldg., New York; res., 
Brooklyn, N. Y. 

ELZ, GEORGE ADOLPH, 
Jamaica Plain, Mass. 
*EVANS, JOHN RANSEL, Apprentice Circuit 
Engineer, Commonwealth Edison Co., 72 W. 

Adams St., Chicago, Ill. 

FALQUET, JOHN EDWIN, Foreman, Union 
Gas & Electric Co., 1107 Plum St., Cincinnati, 
Ohio. 

FANTHAM, DAVID, Erecting Electrical Engi- 
neer, Canadian General Electric Co., King 
St.,W., Toronto, res., Long Branch, Ont., Can. 

*FARNSWORTH, HUGH DOUGLAS, Engineer, 
Production Dept., Southern California Edison 
Co., Los Angeles, Calif. 

FEARN, RICHARD LEE, JR., Industrial Heat- 
ing Engineer, Westinghouse Elec. & Mfg. 
Co., 1442 Wiedner Bldg., Philadelphia, Pa. 

*FIEDLER, GEORGE HENRY, Electric Distri- 
bution Engg. Dept., Rochester Gas & Elec- 
tric Corp., 34 Clinton Ave., N., Rochester, 
INGE YS 

*FISCHER, HAROLD W., Northwestern Bell 
Telephone Co., Telephone Bldg., Minneapolis, 
Minn. 

FISLER, CHARLES E., Checker, Engg. Dept., 
Adirondack Power & Light Corp., Schenec- 
tady; N2Y. 

*FLEMING, THOMAS JEFFERSON, Field 
Man, Transmission Engg. Dept., The Pacific 
Tel. & Tel. Co., 740 S. Olive St., Los Angeles; 
res., Alhambra, Calif. 

FLYNN, FRANK A., Night Superintendent, 
Cleveland Electric Illuminating Co., 75 
Public Sq., Cleveland, Ohio 

*FORBES, BRUCE GARDNER, Electrical 
Designer, Stone & Webster, Inc., 147 Milk 
St., Boston; res., Milton, Mass. 

FOSTER, W. C., Asst. Operating Engineer, 
Portland Railway, Light & Power Co., 622 
Electric Bldg., Portland, Ore. 


86 Orchard St., 


FOUNTAIN, HERON ALBERT, Treasurer, 
The Ohio Public Service Co., 1800 B. F. 
Keith Bldg., Cleveland, Ohio 

FOWLER, HENRY ELWOOD, Electrical 


Draftsman, New York Edison Co., 40 E. 
23rd St., New York; res., Tompkins Cove, 
INK NE 

FREDERICK, PAUL, Engineer, Central Station 
Engg. Dept., General Electric Co., Schenec- 
UiKohGG Ile Ban 

FREDRIKSON, HENNING WILLIAM, New 
York Edison Co., 44 E. 23rd St., New York; 
res., Brooklyn, N. Y. 

FREI, CHARLES, JR., Construction Foreman, 
General Electric Co., 627 Greenwich St., 
New York, N. Y.; res., West Hoboken, N. J. 

*FREND, JOHN J., Electrician, National 
District Telegraph Co., 23 Perry St., New 
York, N. Y.; res., Jamestown, R. I. 

*FUGILL, ALFRED T. PERCIVAL, General 
Engg. Dept., Westinghouse Elec. & Mfg. Co.. 
East Pittsburgh; res., Wilkinsburg, Pa, 
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FULNER, RAY LESLIE, Asst. Equipment 
Engineer, Cin. & Sub. Bell Telephone Co., 
225 H. 4th St., Cincinnati, Ohio. 

*GADBOIS, JOHN STUART, Superintendent, 
Meter & Engg. Depts., Lyme Electric Power 
Co., Niantic, Conn. 

*GARMAN, FRANK RUSSELL, Engg. As- 
s'*tant, Bell Telephone Co. of Penna., 1230 
Arca St., Philadelphia, Pa. 

GARTENMAN, JOSEF, Construction & En- 
gineering Div., Stone & Webster, Inc., 
147 Milk St., Boston; res., Brookline, Mass. 

GEISELMAN, RALPH ALDEN, Engineer, 
Supply Engg. Dept., Westinghouse Elec. & 


Mfg. Co., East Pittsburgh; res., Wilkins- 
burg, Pa. 

*GEORGE, ROSCOE HENRY, Research 
Assistant, Engg. Experiment Sta., Purdue 


University, Lafayette: res., West Lafayette, 
Ind. 

GERHART, JOSEPH JOHN, Field Electrical 
Engineer, Braden Copper Co., Rancagua, 
Chile, S. A. 

*GHIRARDI, ALFRED A., Electrical Engineer, 
J. Livingston & Co., Grand Central Terminal, 
New York, N. Y. 

*GIBBONS, JOHN JOSEPH, ‘Transmission 
Engineer, Wisconsin Telephone Co., 418 
Broadway, Milwaukee, Wis. 

*GILDERSLEEVE, T. SHERMAN, Electrical 
Engineer, Philadelphia Electric Co., 23rd & 
Market Sts., Philadelphia, Pa.; res., Mer- 
chantville, N. J. ; 

GINNA, ROBERT E., Asst. to Rate Engineer, 
Brooklyn Edison Co., Inc., 360 Pearl St., 
Brooklyn, N. Y. 

*GIORDMAINA, JOHN N., Electrician, Swift 


Canadian Co., Ltd., West Toronto; res., 
Toronto, Ont., Can. 
GLASIER, RALPH CEDRIC, Supervising 


Methods Engineer, Western Electric Co., 
Inc., 268 W. 36th St., New York, N. Y. 
GRAEF, JEAN ROBERT, Draughtsman, 
New York Edison Co., 44 E. 23rd St., New 


Work iNiYS 

GRECO, ALPHONSE JOSEPH, Student, 
Brooklyn Polytechnic Institute, 85-89 
Livingston St., Brooklyn;res., New York, 
IN(G 8% 

*GREENSWARD, J. DONALD, Student, 
Marquette University, Milwaukee;  res., 


Wauwatosa, Wis. 

GREGORY, LEWIS JOEL, Foreman, Electric 
Meter Laboratory, Union Gas & Electric Co., 
Cincinnati, Ohio. 

GRENTE, FERNAND, Chief Engineer of 
Generation & Transmission, Hnergia Elec- 
trica de Cataluna, Barcelona, Spain. 

*GRETTUM, LE ROY A., Electrical Engineer, 
Wisconsin Railway, Light & Power Co., 
Winona, Minn. 

*GRISCOM, SAMUEL BETTLE, General 
Engineer, Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

*GROAT, EDMUND T., Testing Dept., 
General Electric Co., Schenectady, N. Y. 

GROTZINGER, JOHN, Electrical Engineering 
Dept., Goodyear Tire & Rubber Co., Akron; 
res., Cuyahoga Falls, Ohio. 

GRZYBOWSKI, JOHN MARION, Engg. 
Lab. & Proc. Engg. Dept., Westinghouse 
Elec. & Mfg. Co., East Pittsburgh; res., 
Pittsburgh, Pa. 

xGUILBERT, NICHOLAS ROBERT, JR, Engi- 
neer & Salesman, Elevator Safety Appliance 
Co., 34.8. 16th St., Philadelphia, Pa. 

GUNSOLLEY, VERNE V., Electrical Engineer, 
Kansas City Power & Light Co., 1330 Grand 
Ave., Kansas City, Mo. 

HAGUE, KENNINGTON HENRY SCOTT, 
Salesman, Ferranti Meter & ‘Transformer 
Mfg.Co., Ltd., 26 Noble St.,Toronto,Ont.Can., 

*HAINES, CHESTER JOHN, Student, School 
of Engineering of Milwaukee, Milwaukee, 
Wis. 


302 


*HAINES, GEORGE EMIL, Manufacturing 
Analyst, Western Electric Co., Inc., Haw- 
thorne Wks., Chicago, Ill. 

HAINES, HENRY H., Station Electrician, 
So. California Edison Co., Power House No.2, 
Big Creek, Calif. 

*HAMILTON, SHERMAN, Inspector, Westing- 
house Elec. & Mfg. Co., East Pittsburgh; res., 
Turtle Creek, Pa. 

*HANNA, CLINTON RICHARDS, Research 
Engineer, Westinghouse Elec. & Mfg. Co., 
East Pittsburgh; res., Wilkinsburg, Pa. 

*HARE, ROBERT J., Engineer, Plant Engg. 
Dept., Southern California Telephone Co., 
740 S. Olive St., Los Angeles, Calif. 

HARKIN, PATRICK, Electrical Tester, New 
York Edison Co., 92 Vandam St., New York; 
res., Elmhurst, N.Y. ’ 

*HARNESS, GEORGE CLARE, Asst. to Supt. 

of Transmission, Pennsylvania Power & 
Light Co., 117 E. Broad St., Hazelton, Pa. 

HARRINGTON, ELLIOTT DEAN c/o Biltmore 
Hotel, Los Angeles, Calif. 

*HASENRITTER, DELMAR, Asst. District 
Engineer, St. Louis County Div., Union 
Blectric Light & Power Co., Webster Groves, 
Mo. 

*HATHEWAY, DONALD HORATIO, Switch- 
board Engineer, Westinghouse Elec. & Mfg. 
Co., East Pittsburgh; res., Wilkinsburg, Pa. 

HAYDEN, JOSEPH FRANCIS, Asst. Design 
Engineer, Duquesne Light Co., Chamber of 
Commerce Bldg., Pittsburgh, Pa. 

HAYNES, HOWARD, Engineer, Kansas City 
Power & Light Co., 1330 Grand Ave., 
Kansas City, Mo. 

HAYWARD, HAROLD WILLIAM, Drafts- 
man, Line & Signal Dept., United Electric 
Railways Co., Providence, R. I. 

*HEBERLEIN, ARTHUR AQUILIN, Electrical 
Engineer, Dey. & Res. Dept., American Tel. 
& Tel. Co., 195 Broadway, New York, N. Y. 

*HEDGER, HAROLD CHESTER, Field Engi- 
neer, BH. I. Phillips & Co., Long Island Light- 
ing Co., 50 Church St., New York; res., 
Glen Cove, N. Y. 

HEFFNER, ROY JACKSON, Engineer, Pacific 
Tel. & Tel. Co., 513 Sheldon Bldg., San 
Francisco, Calif. 

*HEIDELBERGER, OTTO, Teaching Fellow, 
University of Minnesota, 1110 Sixth St., 
g. E., Minneapolis, Minn. 

HEISLER, STANLEY EARL, Supervisor of 
Telephones, Pennsylvania Power & Light 
Co., 117 E. Broad St., Hazleton, Pa. 

HENDRIXSON, LEWIS HOLSTON, Engg. 
Assistant, Bell Telephone Co. of Penna., 
261 N. Broad St., Philadelphia, Pa. 

*HERRMAN, WALTER J., Instructor, Electrical 
Engineering Dept., Louisiana State Uni- 
versity, Baton Rouge, La. 

HIERONYMUS, THOMAS GALEN, Electrical 
Engineer, Kansas City Power & Light Co., 
1330 Grand Ave., Kansas City, Mo. 

*HILL, WARREN RHODES, Asst. Engineer, 
United Electric Light & Power Co., 130 E. 
15th St., New York, N. Y. 

*HINKLE, FRANK, Division Toll Supervisor, 
Ohio Bell Telephone Co., 97 Lincoln St., 
Akron, Ohio. 

*HOCKMAN, HERMAN GEORGE, Power 
Plant Engineer, Beattie Electric Light Co., 
Beattie, Kans. 

*HOLBECK, JOHN INGWALL, Student, Dept. 
of Electrical Engineering, University of 
Minnesota, 500 Beacon St., 8. E., Minne- 
apolis, Minn. i 

HOLMBERG, ARVID, Construction Dept., 
Dwight P. Robinson & Co., 125 H. 46th St., 
New York, N. Y. 

*HONSAKER, HORTON HOWARD,” Trans- 
mission Engineer, Pacific Tel. & Tel. Co., 
740 §. Olive St., Los Angeles; res., Pasadena, 
Oalif. 

HOOVEN, MORRIS D., JR., Transmission 
Engineer’s Office, Public Service Electric Co., 
86 Park Pl., Newark, N. J. 


INSTITUTE AND RELATED ACTIVITIES 


HOPKINS, JEAN WILLIARD, 21 A St., Girard- 
ville, Pa. 

HUGGINS, PEROY, Designing D.C. & A. C. 
Dynamos & Motors, The Brush Electrical 
Engg. Co., Loughborough, Leicestershire, 
Eng. 

HUPPERT, WILLIAM, Draughtsman, New 
York Edison Co., 44 E. 23rd St., New York; 
res., Brooklyn, N. Y. 

*HUTCHINSON, HALBERT C., Railway Engg. 
Dept., General Electric Co., Schenectady, 
N.Y. 

JACKSON, H. RAYMOND, Asst. Foreman, 
Union Gas & Electric Co., 1107 Plum S8t., 
Cincinnati, Ohio. 

JEFFERIS, ARTHUR C., Partner, Fitch- 
Jefferis Co., 1813 Capitol Ave., Cheyenne, 

. Wyo. 

*JOHNSTON, ALLAN TUCKER, Apprentice, 
Signal Engineer, Union Switch & Signal Co., 
Swissvale; res., Pittsburgh, Pa. 

JONES, AUSTIN PENDELL, Construction 
Clerk, Interborough Rapid Transit Co., 600 
W.59th St., New York, N. Y. 

JONES, OTIS MOORE, Substation Mainte- 
nance Dept., Duquesne Light Co., 23rd St. & 
Liberty Ave., Pittsburgh, Pa. 

JUERS, JOHN HENRY, Designer, _ Cutler- 
Hammer Mfg. Co., Southern Blvd., & E. 
144th St., New York, N. Y. 

JUNGMANN, SIEGFRIED, Draughtsman, 
Engg. Dept., New York Edison Co., 44 E. 
23rd St., New York, N. Y. 

*KAMPHAUSEN, RUDOLPH CARL, Electrical 
Engineer, Engg. Dept., Western Electric 
Co., Inc., 463 West St., New York, IN YS 

KARKALAS, ARTHUR A., Asst. Electrical 
Engineer, West Penn Power Co., 14 Wood 
St., Pittsburgh, Pa. 

*KAU, PHILIP FUI, Electrician, Pearl Harbor 
Naval Station, 1858 Liliha St., Honolulu, 
be ef 

KELLER, HENRY WALLACE, Timken Roller 
Bearing Co.,Cleveland Ave., Columbus, Ohio. 

KENDALL, PHILIP MASON, Salesman, West- 
inghouse Elec. & Mfg. Co., 10 High St., 
Boston, Mass. 

KENEALY, EDWARD JAMES, Survey Engi- 
neer, Div. of Light & Power, City of Cleve- 
land, City Hall, Cleveland, Ohio. 

KENNEDY, PETER, State Engineer, Post- 
master General’s Dept., Perth, W. Australia 

*KETTLER, ALEXANDER, Public Service 
Production Co., 80 Park Pl., Newark; res., 
Bogota, N. J. 

*KIDD, WALTER JOSEPH, Assistant in Penn 
State College Photo Shop, 212 E. College 
Ave., State College, Pa. 

*KIMBELL, JAMES FRASER, Asst. Engineer, 
Elevator Dept., Baker Iron Works, 950 N. 
Broadway, Los Angeles, Calif. 

*KIMBERLY, MERVYN CHANCEY, Line 
Extension Estimator, Commonwealth Edison 
Co., 72 W. Adams St., Chicago, Ill. 

*KING, STUART H., Central Office Man, Bell 
Telephone Co. of Penna., Rural & Hiland Ave. 
Pittsburgh, Pa. 

KING,. WILLIAM E., Electrical & Mechanical 
Draftsman, United Electric Light & Power 
Co., 50 Cooper Sq., New York, N. Y. 
Belleville, N. J. 

KIRKLAND, EDWIN HOUSTON, JR., Engi- 
neer, Mountain States Power Co., Albany, 
Ore. 

KLEINBERGER, RICHARD C., Treasurer, 
Grandin Singer Corp., 309-5th Ave., New 
York, N. Y. 

*KLENZE, ROBERT O., Board of Education, 
650 S. Clark St., Chicago, Ill. 

KNAPP, MILTON M., Statistical Clerk, U. 8. 
Bureau of Census, 1350 Monroe St., N. W., 
Washington, D.C. 

*KNERR, BARCLAY C., Engineer, Merkle 
Machinery & Contracting Co., 1733 Walnut 
St., Kansas City, Mo. 


> res., 
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KNETTLES, HARRY RAYMOND, Engineer, 
Western Electric Co., Inc., 463 West St., 
New York, N. Y. 

KNUDSEN, NIELS KRISTEN, Electrical 
Draughtsman, New York Edison Co., 44 E. 
23rd St., New York, N. Y. 

*KOHL, WILLIAM CORYDON, Sales Engi- 
neer, Century Electric Co., 10 High St., 
Boston; res., Melrose Highlands, Mass. 

*KREEK, LOUIS F., Student, Massachusetts 
Institute of Technology, Cambridge, Mass. 

KUHLMEYER, NORMAN F., Inspector, 
Western Union Telegraph Co., 49 Geary St., 
San Francisco, Calif. 

KUHN, CHARLES EDWARD, Underground 
Engineer, British Columbia Electric Railway 
Co., Ltd., Carrall St., Vancouver, By iG: 

KUTMAN JERRY, Electrical Draughtsman, 
New York Edison O©o., 44 E, 28rd St., 
New York; res., Astoria, N. Y. 

LAFFOON, CARTHRAE MERRETTE, Elec- 
trical Engineer, Power Engg. Dept., Westing- 
house Elec. & Mfg. Co., East Pittsburgh, Pa. 

LAIB, D. R., Transformer Designing Engineer, 
The Packard Electric Co., Warren, Ohio. 

*LAKE, ARTHUR R., Watch Electrician, 
Commonwealth Edison Co., 3402 N. Cali- 
fornia Ave., Chicago, Il. : 

LALOR, JAMES Q., Salesman, O. H. Davidson 
Equipment Co., 1633 Tremont St., Denver, 
Colo. ’ 

LANOASTER, RICHARD D., Method Engi- 
neer, Western Electric Co., Inc., South Bend, 
Ind. 

LANE, ERIC STUART, Foreman, Electric Sup- 
ply Dept., Newcastle City Council Newcastle; 
res., Hamilton, N. 8S. W., Australia. 

*LANNON, JOHN V., Operating Dept., 
Metropolitan Edison Co., 137 N. 4th St., 
Reading, Pa. 

LARSON, CHARLES A., Electrician, Public 
Service Co. of Colo., Lacombe Sta., Denver, 
Colo. 

LAUDER, ARTHUR H., A. C. Engg. Dept., 
General Electric Co., Schenectady, N. Y. 

*LE FAVOUR, LAWRENCE G., Student 
Engineer, Michigan State Telephone Co., 
1365 Cass Ave., Detroit, Mich. 

LEHMANN, ADOLPH, JR., Draftsman, New 
York Edison Co., 44 E. 23rd St., New York, 
N. Y.; res., Newark, N. J. 

*LEHNEN, ELMER JAMES, Student, School 
of Engineering of Milwaukee, 415 Marshall 
St., Milwaukee, Wis. 

*LENEHAN, BERNARD EDWARD, Supply 
Engg. Dept., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh; res., Wilkinsburg, Pa. 

LEWIS, FREDERICK, JR., Central Office 
Man, Bell Telephone Co., 804 Doolittle Ave., 
Carnegie, Pa. 

*LINHOFF, CARL HENRY, Switchboard 
Sales Dept., General Electric Co., Schenec- 
tady, N.Y. 

LINUSSON, RUDOLF, Draftsman, New York 
Fdison Co., 44 E. 23rd St., New York, N. Y. 

LONG, JOSEPH A., Asst. Engineer, Engg. 
Dept., New York Telephone Co., 15 Dey St., 
New: York, IN. Ys; res., “Paterson, IN ae 

*LYMAN, ARTHUR FREDERIC, Engineer, 
New York Telephone Co., 104 Broad St., 
New York, N. Y. 

LYNN, JOHN H., Superintendent of Right of 
Way Dept., Kansas City Power & Light Co., 
1330 Grand Ave., Kansas City, Mo. 


MacDONALD, JOHN QUINN, Chief 
Electrician, Globe Grain & Milling Co. 
Ogden, Utah, : 

MacDONALD, MELVIN MERRIT,. Chief 


Electrician, Andrews Steel Co., New < 
| n, | SS -, Newport, Ky. 
MAHER, WILLIS J., Draftsman, United 
Electric Light & Power Co., Carl Fisher 
Bldg., New York, N. Y.; res., Cliffside Park 
ING 
*MAHLE, HERBERT JOHN, Electrical Test- 
ing Dept., Consolidated Gas, Electric Light & 
Power Co., Monument and Constituti 
: ) tut 
Baltimore, Md. sah 
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*MAINE, BASIL CLAIRE, Electrical Testing 
bets fh General Electric Co., Schenectady, 

exit 

*MARTIN, GEORGE JOSEPH, Electrical 
Engineering Course, Drexel Institute, 1237 
Diamond St., Philadelphia, Pa. 

*MASIN, OLDRICH F., Laboratory Assistant, 
Ford Instrument Co., Rawson St. & Nelson 
Ave., Long Island City; res., New York, N.Y. 

*MASON, WARREN PERRY, Engineer, 
Western Electric Co., Inc., 463 West St., 
New York, N.Y. 

*MATHENY, JAMES DOUGLAS, Senior 
Student, School of Engineering of Milwaukee, 
Milwaukee, Wis. 

MATHEO, ALBERT B., Electrical Draftsman, 
Thomas E. Murray, Inc., 55 Duane St., 
New York, N. Y. 


*MAXSON, RAYMOND DEWEY, Engg. 
Dept., Public Service Co., of Northern 
Illinois, 72 W. Adams St., Chicago, Ill. 


MAYFIELD, WALTER WEATHERBY, Chief 
Engineer, North Missouri Power Co., 
Excelsior Springs, Mo. 

*McCALL, DANA HEWITT, Equipment 
Inspector, Western Union Telegraph Co., 
San Francisco, Calif. 

*McCARTHY, CHARLES JOSEPH, Asst. 
Instructor, Columbia University Engg. Bldg., 
New York; res. Brooklyn,, N. Y. 

*McCLELLAND, JOHN PERCY, Engineér, 
General Traffic Dept., Bell Telephone Co. of 
Can., Montreal, Que.; res., Arthur, Ont.,Can. 

*McCLENAHEN, ROSS A., Electrician, Public 
Service Production Co., 17th & Stevens Sts., 
Camden; for mail, Stockholm, N. J. 

McCORMICK, HAMILTON LIONEL, Elec- 
trical Draftsman, Consolidated Gas, Electric 
Light & Power Co., Baltimore, Md. 

McLENEGAN, DAVID WALLACE, Com- 
mercial Engineer, Industrial Engg. Dept., 


General Electric Co., Schenectady, N. Y. 
*McMAHAN, ROLLIE, Student, Marquette 
University, 515-4th St., Milwaukee, Wis. 
McMULLIN, GEORGE P., Superintendent, 


Rideau Power Co., Ltd., Merrickville, Ont., 
Can. 

*McNAUGHTON, EDWARD F., Leading 
Electrician, San Francisco-Oakland Terminal 
Railways. 22nd & Grove St., Oakland, Calif. 

MEIJLING, PETER JOEL, Draftsman, Ad- 
irondack Power & Light Corp., Schenectady, 
ING Yes 

MERGENTHALER, ADOLF, Electrical 
Draughtsman, New York Edison Oo., 44 E. 
23rd St., New York, N. Y. 

MITCHELL, ERNEST R., Draftsman, Union 
Gas & Electric Co., 4th & Plum Sts., Cincin- 
nati, Ohio. 

MOLLER, THURE BOTVID, Draftsman, 
Gibbs & Hill, Pennsylvania Station, New 
York, N. Y. ’ 

MOONEY, JOHN PATRICK, Asst. Engineer, 
Engg. Dept., United Electric Light & Power 
Co., 130 E. 15th St., New York, Ne Yci 
res., Bloomfield, N. J. 

MOORE, JAMES IRWIN, Electrical Inspector, 
Philadelphia Electric Co., 1000 Chestnut St., 
Philadelphia, Pa. 

*MORIN, CHARLES BENNETT, Power 
Engineer, The Ohio Power Co., Tiffin, Ohio. 

MORRIS, LOUIS P., Manager, Transportation 
Div., Westinghouse Elec. & Mfg. Co., 
Third and Elm Sts., Cincinnati, Ohio. 

*MORRISON, STAATS D., Engineer, Western 
Electric Co., Inc., 463 West St., New York, 
NG ¥.; 

MORTON, ALFRED HAMMOND, Radio 
Corp. of America, 64 Broad St., New York, 
INIS SES 

MOULDS, MILLARD HAROLD, Electrical 
Draughtsman, New York Edison OCo., 
Mercantile Bldg., New York, N. Y. 

*MUDGETT, GUERNSEY F., Jlluminating 
Engineer, Westinghouse Elec. & Mfg. Oo., 
South Bend, Ind. 


INSTITUTE AND RELATED ACTIVITIES 


MYERS, RAYMOND W.., Sales Dept., The 
Packard Electric Co., Dana Ave., Warren, 
Ohio. 

*MYERS, ROLAND BURRELL, Senior in 
Electrical Engineering, Iowa State College, 
148 Campus Ave., Ames; res., Des Moines, 
Iowa. 

NANGLE, WILFRID OWEN, Engineer, 
Western Electric Co., Inc., 309 W. Washing- 
ton St., Chicago; res., Oak Park, Ill. 

NASSEN, HELGE SIXTEN NIKOLAUS, 
Electrical Draftsman, New York Edison Co., 
44 Kast 23rd St., New York, N. Y. 

NOLLENBERGER, THEODORE OC., JR., 
Electrical Contractor, 328-15th St., Denver, 
Colo. 

*NOLTE, FREDERICK WILLIAM, Cadet, 
West Penn Power Co., 14 Wood St., Pitts- 
burgh, Pa. 

*OGDEN, HAROLD §S., Engineer, Railway 
Control Engg. Dept., General Electric Co., 
Schenectady, N. Y. 

OKEY, JOHN NELSON LYDEARD, Electrical 
Engineer, Woofft & Salvesen, 609 Colombo 
St., Christchurch, N. Z. 

OLESON, FORD L., Electrician, Illinois 
Pacific Glass Co., 15th & Folsom Sts., San 
Francisco, Calif. 

*OPLINGER, KIRK AUGUSTUS, Research 
Assistant, Engg. Experiment Sta., Purdue 
University, Lafayette, Ind. 

ORTIZ, JOSE POSADA, Draftsman, Engg. 
Dept., New York Edison Co., 23rd St. & 4th 
Ave., New York, N. Y. 

OSBORNE, DONALD CALDWELL, Engg. 
Assistant, New York Telephone Co., 104 
Broad St., New York, N. Y. 

*OSCARSON, GERHARD LIONEL, Service 
Man & Salesman, Electric Machinery Mfg. 
Co., 1141 Monadnock Bldg., Chicago, Ill: 

OSTERMAN, ALBERT H., Asst. to General 
Manager, Bell Telephone Co. of Penna., 
1631 Arch St., Philadelphia, Pa. 

PAISTE, HOMER OC., Supt., of Substation, 
Northern Ohio Traction & Light Co., 
Terminal Bldg., Akron, Ohio. 

PALM, SAMUEL M., Engg. Assistant, Bell 
Telephone Co. of Penna., 261 N. Broad St., 
Philadelphia, Pa. 

PALMER, GEORGE WASHINGTON, Start- 
ing Engineer, Brooklyn Edison Co., Pearl & 
Willoughby Sts., Brooklyn; res., Richmond 
Hill, N. Y. 

*PALMER, JOE SCHUYLER, 
Engineer, Kansas City Power & Light Co., 
1330 Grand Ave., Kansas City, Mo. 

*PARNELL, WILLIAM CHARLES, Elec- 
trical Designer, Stevens & Wood, Inc., 
3605 Equitable Bldg., New York, N. oes 

PARR, JEAN CONRAD ALPHONSE, Engg. 
Dept., New York Edison Co., 44 E, 23rd St., 
New York; res., Brooklyn, IN 

*PEARCY, NOAH OC., Research Engineer, 
Westinghouse Elec. & Mfg. Co., East 
Pittsburgh; res., Wilkinsburg, Pa. 

PENDLETON, LEE L., Technical Investigator, 
Philadelphia Co., 435-6th Ave., Pittsburgh; 
res., Midway, Pa. 

PERKINS, HAROLD WILLIAM, Commercial 
Electrical Engineer, Australian General 
Blectrical Co., Queen St., Melbourne, 
Victoria, Australia. 

*PERLSTEIN, PHILIP, Neptune Ave., Sea 
Gate, Brooklyn, N. Y. 

PERMANSON, OLOF E., Electrical Draftsman, 
New York Edison Co., 44 E. 23rd St., 
New York, N. Y. 

PERNICK, ABRAHAM, 
Brooklyn, N. Y. 

PESONEN, KARL FERDINAND, Draughts- 
man, New York, Edison Co., 44 H. 23 rdSt., 
New York; res., Brooklyn, N. Y. 

PETERSON, JOHN BEVILL, Asst. Engineer, 
United Electric Light & ;Power Co., 130 E. 
15th St., New York, N. Y. 
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PIPER, CHAUNCEY ELLSWORTH, JR., 
Electrician, Day & Zimmerman Construction 
Co., 1451 Logan Ave., Tyrone, Pa. 

*PIPER, WILLIAM JOHN, Technical Assistant, 
Meter Dept., Detroit Edison Co., 2000-2nd 
Ave., Detroit, Mich. ; 

PITTENGER, FRANK ‘H., Student Estimator, 
Kansas City Power & Light Co., 1330 Grand 
Ave., Kansas City, Mo.; res., Rosedale, Kans. 

PLOTKIN, JOSEPH, Draftsman, New York 
Edison Co., 44 E. 23rd St., New York, N. Y. 

PLUMLEY, GEORGE O., Power Draftsman, 
Western Electric Co., Inc., Hawthorne Plant, 
Chicago; res., Oak Park, Ill. 

*POLKINGHORN, FRANK ALLAN, Asst. 
Radio Inspector, U. 8S. Navy Dept., Mare 
Island; res., Vallejo, Calif. 

*PORTER, ROY THOMAS, Engineer, Alabama 
Power Co., Montgomery, Ala. 

*PRINGLE, ARTHUR EDWARD, Engg. Assist- 
ant, Bell Telephone Co. of Penna., 507 
Dauphin Bldg., Harrisburg, Pa. 

*PRYOR, EDWARD GREGORY SIGGERS, 

. Inspector, Underwriters Laboratories, 1100 
Alaska Bldg., Seattle, Wash. 

PURDON, OMER VERNON, Telephone Engi- 
neer, Western Electric Co., Inc., Hawthorne. 
Sta., Chicago; res., Berwyn, Ill. j 

*QUIRMACH, CHARLES F., Salesman, West- 
inghouse Elec. & Mfg. Co., East Pittsburgh; 
res., Wilkinsburg, Pa. 

REINMANN, FRANK L., Asst. Elec. Distribu- 
tion Superintendent, Northern Indiana Gas 
& Electric Co., Hammond, Ind. 

RICH, RICHARD AUGUSTUS, JR., Engineer, 
General Electric Co., 120 Broadway, New 
York Nie 

RICHARDSON, AARON WILSON, Sales Repre- 
sentative, Westinghouse Elec. & Mfg. Co., 
1137 Ohio Bldg., Toledo, Ohio. ; 

*RICHARDSON, AVERY GROAT, Senior, Elec. 
Engg. Dept., Brooklyn Polytechnic Institute, 
99 Livingston St., Brooklyn, N. Y. 

*RICHARDSON, L. WALTON, Electrical Engi- 
neer, Radio Dept., General Electric Co., 
Schenectady, N. Y. 

*RIEKE, CLYDE ROLLAND, Testing Engineer, 
Commonwealth Edison Co.,28 N. Market St., 
Chicago, Il. 

RIVAS, HUMBERTO, Testing Dept., Westing- 
house Elec. & Mfg. Co., East Pittsburgh; res., 
Wilkinsburg, Pa. : 

ROACH, CHARLES LAWRENCE, Student 
Engineer, Plant Dept., New Brunswick 
Telephone Co., St. John, N. B., Can. 

*ROBLES, GUILLERMO, Salesman, Alberto 
Isaack & Co., Ave. Isabel la Catolica 41, 
Mexico, D. F., Mex. 

*ROCKWOOD, ALAN CLARKE, Student Engi- 
neer, Testing Dept., General Electric 
Co., Schenectady, N. Y. 

*ROGERS, ROSS W., Construction Inspector, 
Public Service Co. of Northern Illinois, 72 W. 
Adams St., Chicago, Ill. 

ROLLAND, JOHAN, Draftsman, New York 
Edison Co., 44 E. 23rd St., New York, N. Y. 

*ROSE, EDWIN LAWRENCE, Fellow in 
Physics, California Institute of Technology, 
Pasadena, Calif. 

*ROSENBERGER, HAROLD JEROME, Elec- 
trical Engineer, All America Cables, Inc., 89 
Broad St., New York, N. Y. 

ROTH, FREDERICK WILLIAM, Acting Chief 
Fieldman, Underground Diy., Distribution 
Dept., Duquesne Light Co., 501 Chamber of 
Commerce Bldg., Pittsburgh, Pa. 

*ROUND, GEORGE VERRILL, Asst. Electrical 
Engineer, Plant Dept., River Works, General 
Electric Co., Lynn, Mass. 

*ROUTSON, LUTHER B., Training Course, 
Plant Dept., Western Union Telegraph Co., 
195 Broadway, New York, N. Y.; res., Troy, 
Ohio. 

*RUGE, HENRY PAUL, Junior Engineer, Com- 
monwealth Edison Co., 72 W. Adams St., 
Chicago; res., Maywood, Ill. 
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*RUSSELL, NORMAN D., Sales Engineer, 
Century Electric Co., 620-621 Witherspoon 
Bldg., Philadelphia, Pa. 

*RUTHERFORD, PAUL HIBBARD, Engineer, 
Motor Engg. Dept., General Electric Co., 
River Wks., Lynn, Mass. 

*RYKERT, WILLARD C., Student, Armour 
Institute of Technology, 822 S. Claremont 

; Ave., Chicago, Ill. 

*SAUER, LOUIS EDWARD, Regular Tester, 
Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh; res., Wilkinsburg, Pa. 

SAVAGE, WILLIAM SMITH, Draughtsman, 
Rolling Stock Dept., Toronto Transportation 
Commission, Toronto, Ont., Can. 

*SAWYER, ROBERT THOMAS, Testing Dept., 
Electrical Equipment, General Electric Co., 
Erie, Pa. 

*SCADDING, SIMCOE CRAWFORD, Methods 
& Statistical Clerk, Bell Telephone Co. of 
Canada, Montreal, Que., Can. 

SCHALLIS; OTTO AUGUST, Electrical 
Draughtsman, New York Edison Co., 44 E. 
23rd St., New York, N. Y. x 

*SCHATZ, NATHAN, Student, Electrical Engi- 
neering Dept., General Electric Co., Lynn; 
for mail, Boston, Mass. 

SCHATZLE, FRANK JOSEPH, Power Plant 
Electrician, J. A. P. Cristfield Construction 
Co., Devon, Conn. 

SCHLENKER, VESPER A., Engg. Div., Re- 
search Dept., Western Electric Go... dines 
463 West St., New York, N. Y. 

*SCHLOTTERE, EDMUND LEHR, In Charge 
of Complaint & Service Dept., The Counties 
Gas & Electric Co., 212 DeKalb St., Norris- 
town, Pa. 

SCHMIDT, MAX, Service Dept., American 
Radio & Research Corp., 15 Park Row, New 
York; res., Brooklyn, N. Y. 

SCHNEIDER, ELMER, Research Engineer, 
Brown Instrument Co., Wayne Junction, 
Philadelphia, Pa. 

SCHUELE, ALBERT GODFRED, Technical 
Assistant, Electrical Testing Laboratories 
g0th St. & East End Ave., New York, N. Y. 

SCHULTZ, CLARENCE FREDERICK, Load 


Dispatcher, Cleveland Railway Go;- 733 
Hanna Bldg., Cleveland, Ohio. 
SCHULTZ, JAMES, Engineering Student, 


511 W. Gale St., Angola, Ind. 

*SCHULZE, RAYMOND CHARLES RUSSEL, 
Junior Electrical Engineer, Duquesne Light 
Co., Chamber of Commerce Bldg., Pittsburgh, 
Pa, 

SCHURENBERG, EMIL J., Foreman, Trans- 
former Testing Dept., General Electric Co., 
Ft. Wayne, Ind. 

SCHWAGER, AUGUST CHARLES, Technical 
Assistant, Electrical Testing Laboratories, 
80th St. & E. End Ave., New York, N. Y. 

SCOTT, LOUIS W., Asst. Superintendent, 
Hamburg Gas & Electric Co., 10 8. 4th St., 
Hamburg, Pa. 

SEABURG, HAROLD, Draughtsman, Engg. 
Dept., New York Edison Co., 44 E. 23rd St., 
New York, N. Y. 

SEVIN, DOUGLAS B., Power Director, 
Eastern Connecticut Power Co., Uncasville; 
res., Norwich, Conn. 


SHERIDAN, CHARLES JOHN, Asst. Engi- 
neer, Electric Specialty Co., 211 South St., 
Stamford, Conn. 

SHILL, PERCY WILLIAM, Insurance Clerk, 
Toronto Hydro-Electric System, Duncan & 
Nelson Sts., Toronto; res., Long Branch, 
Ont., Can. 

SILK, JOHN L., Engineering Dept., New York 
Edison Co., 44 E. 23rd St., New York, N. Y. 

*sILLS, HUBERT RYERSON, Junior Engi- 
neer and Designer, Canadian General Electric 
Co., Ltd., Peterboro, Ont., Can. 

SILVEY, WILLIAM R., Asst. Engineer, New 
York Telephone Co., 104 Broad St., New 
York, N.Y. 


INSTITUTE AND RELATED ACTIVITIES 


SIMMONS, IRUL HENRY, Transformer 
Engg. Dept., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh; res., Wilkinsburg, Pa. 

SIMPSON, WILLIAM G., Electrical Drafts- 
man, New York Edison Co., 44 EB. 23rd St., 
New York; res. Long Island City, N. Y. 

SKOGLAND, ARVID GEORGE, Electrical 
Draftsman, Stone & Webster, Inc., 147 Milk 
St., Boston; res., Beachmont, Mass. 


*SLOBIN, HERMAN, Asst. Engineer, United 


Blectric Light & Power Co., 130 EB. 15th St., 
New York, N. Y. 

SMITH, EDGAR V., Supervisor of Testing, 
Western Electric Co., Inc., 312 Lincoln Bldg., 
Detroit, Mich. 

SMITH, McNEIR, Test Man, General Electric 
Co., Schenectady, N. Y. ~ ce 
SNYDER, L. V., Superintendent of Overhead 
Line Dept., Westchester Lighting Co., 

Mt. Vernon, N. Y. 

*SORENSON, JOHN ELMER, Central Office 
Equipment Engineering Student, Western 
Electric Co., Inc., Chicago; res., Cicero, Til. 

*SPAULDING, GEORGE WHITTIER, Junior 
Distribution Engineer, Union Electric Light 
& Power Co., 315 N. 12th Blvd., St. Louis, 


Mo. 

*SPEASE, JOHN F., Central Station Engg. 
Dept., General Electric Co., Schenectady, 
IN( 5 WA 

*SPEER, FRANKLIN RAUB, - Engineer, 


Scranton Electric Co., Board of Trade Bldg., 
Seranton, Pa. 

SPEIRS, L. M., Asst. Elec. Engineer Mexican 
Light & Power Co., Apartado 490, Mexico 
City, Mex. 

SPRAGUE, DANIEL LAWRENCE, Shift 
Operator, Southern California Edison Co., 
Big Oreek, Calif. 

*SPRINKLE, GOLIE BENTON, Electrical 
Construction Foreman, Union Gas & Electric 
Co., Plum & Charles Sts., Cincinnati, Ohio. 

STAHLNECKER, ELMER H., Draughtsman, 
New York Edison Co., 44 E. 23rd St., 
New York, N. Y. 

STANFIELD, ALBERT, Meter Man, Union 
Gas & Electric Co.,1107 Plum St., Cincinnati, 
Ohio. _ 

STEDING, LOUIS, Electric Watthour Meter 
Inspector, Union Gas & Electric Co., 1107 
Plum St., Cincinnati, Ohio. 

*STEELE; REZIN BRINSMADE, Engineer, 
Engg. Dept., Western Electric Co., Inc., 
463 West St., New York, N.Y. z 

*STILES, ARTHUR L., Engineering Assistant, 
Bell Telephone Co. of Penna., 1230 Arch St., 
Philadelphia, Pa.; res., Moorestown, N. J. 

*STRACK, ERNEST VICTOR, Engineering 
Assistant, New York Telephone Co., 15 Dey 
St., New York, N.Y. 

*STRONG, RAY WILBERT, 521 Connecticut 
St., Gary, Ind. 

SUSSAN, PAUL, Engineering Dept., New York 
Edison Co., 44 E. 23rd St., New York, N. Y. 

*SWEET, RALPH GORTON, Hydro-Electric 
Operating Dept., Eastern Connecticut Power 
Co., Willimantic, Conn. 

SYNWOLDT, WILLIAM FRED, Electrical 
Engineering Dept., New York Edison Co., 
44H. 23rd St., New York, N. Y. 

TANNER, WILLIAM, Electrical Draftsman, 


New York Edison Co., 44 EH. 28rd St., 
New York; res., Brooklyn, N. Y. 
THOM, CHARLES ERNEST, Technical 


Engineer, Vacuum Oil Co. Pty., Ltd., 90 
William St., Melbourne, Victoria, Australia. 

THOMPSON, DAVID OWEN, Student Engi- 
neer, Public Service Co. of Northern Illinois, 
911 Church St., Evanston, Il. 

*THOMPSON, EDWARD ALBERT, Asst. 
Transmission. Engineer, Southwestern Bell 
Telephone Co., Central National Bank Bldg., 
Topeka, Kans. 

*THOMPSON, PAUL C., Engineering Assistant 
New York Telephone Co., 15 Dey St., New 
York, N. Y.; for mail, Westfield, N. J. 


Journal A. 1. E. E. 


*THOMPSON, TREVOR CREIGHTON, 
Asst. Mechanical Engineer, Crosby Steam 
Gage & Valve Co., 10 Roland St., Charles- 
town, Mass. 

*TOMPKINS, REGINALD JOSEPH, Asst. 
Superintendent of Electric Dept., Citizens 
Gas & Electric Co., Waterloo, Iowa. 

*TRAISER, LOUIS MARTIN, Student Engi- 
neer, Chicago Surface Lines, 230 S. Clark St., 
Chicago; res., Oak Park, Il. 

*TRAVIS, BEVERLY ARTIMUS, Sales 
Engineer, Westinghouse Elec. & Mfg. Co., 
Bast Pittsburgh; res., Wilkinsburg, Pa. 

TROEDSSON, HJALMAR N., Designing 
Draftsman, Stone & Webster, Inc., Boston; 
res., Dorchester, Mass. 

*TRONE, DIMITRI, Graduate Student, Union 
College, 117 Park Ave., Schenectady, N. Y. 

TYRRELL, CLARENCE JOHN, Electrician, 
Raritan Copper Works, Perth Amboy, Nase 

UHRMANN, FRANK J., Chief Electrician, 
Western Electric Co., Inc., 1100 W. York St., 
Philadelphia, Pa. 

ULLMAN, SAMUEL HERMAN, Draftsman, 
New York Edison Co., 44 E. :23rd St., 
New York, N. Y. 

VAN DER VEEN, HERRE, 
Schenectady, N. Y. 

*VAN GIESEN, IRA DEWEY, Asst. Electrical 
Engineer, Victor G. Mendoza Co., Calle Cuba 
3, Havana, Cuba. 

VAN RYE, ORIE, Electrical Engineer, Cia 
Electrica de Alumbrado y Traccion, Apartado 
110, Santiago, Cuba. 

*VIALL, ERNEST FRANK, Professor of 
Electrical Engineering, Finlay Engineering 
College, 10th & Indiana Sts., Kansas City, 
Mo. 

VINCENT, FREDERICK WILLIAM 54., 
Armature Winder & Trouble Man, Granby 
Mining, Smelting & Power Co., Anyox, B. C., 
Can. 

VOEPEL, OTTO ARMIN, Foreman, Electrical 

Construction, Kansas City Power & Light 

Co., 1330 Grand: Ave., Kansas City, Mo. 

SOTHEN, CARL E. H., Engineer, 

Industrial Engg. Dept., General Electric Co., 

Schenectady, N. Y. 

*WADE, ALLAN JACKSON, Engineering 
Dept., General Electric Co., Electric Bldg., 
Portland, Ore. 

WAGNER, M. J., Electrical Draughtsman, 
New York Edison Co., 44 E. 23rd St., 
New York; res., Long Island City, N. Y. 

WALKER, WILLIAM GEORGE, Special 
Tester, The Philadelphia Electric Co., 
2301 Market St., Philadelphia, Pa. 

*WALMSLEY, GEORGE, Master Mechanic, 
Manomet Mill No. 3, New Bedford, Mass. 

*WALTERS, CHAUNCEY R., Automotive 
Electrician, 5 N. Cameron St., Harrisburg; 
res., Shippensburg, Pa. 

*WARNER, AARON SPATZ, Engineering 
Dept., Westinghouse Elec. & Mfg. Co., East 
Pittsburgh; res., Wilkinsburg, Pa. 

*WATKINS, MILLARD CUMMINGS, Line 
Extension Estimator, Commonwealth Edison 
Co., 72 W. Adams St., Chicago, Ill. 

*WATSON, HAROLD H., Testing Dept., 
General Electric Co., Schenectady, N. Y. 

WEDDELL, JAMES A., Water Power Plant 


22 Linden St., 


VON 


Operator, Braden Copper Co., Rancagua, 
Chile, S. A. 2 
WEIL, JOSEPH, Asst. Professor, Electrical 


Engineering Dept., 
Gainesville, Fla. 
*WELDON, HAROLD STANLEY, Engineer 
in Charge of Electrical Tests, Canadian 
Inspection & Testing Co., Ltd., 100 Jarvis 
St., Toronto, Ont., Can. 

WELK, RUDOLPH, Asst. to Chief Draftsman, 


New York Edison Co., 44 E. 28rd St. 
New York, N.Y. j 


WELLS, JOHN T., Asst. Leading Electrical 
Draftsman, New York Edison Co., 44 E. 23rd 
St., New York, N. Y. 


University of Florida, 


ane Se or oe eee 


March 1924 
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*WELLS, eas 
8, LEWIS JUDSON, Estimator & BROWN, CHRISTIAN EDWARD, Electrical ELLYSON, DOUGLAS W.., Station Engineer, 


Switchboard Designer, Safety Electric Prod- 
ucts Co., 1330 E. 16th St., Los Angeles, Calif. 

*WELLS, WILLIAM H., Testing Dept., 
Westinghouse Elec. & Mfg. Co., East 
Pittsburgh; for mail, Wilkinsburg, Pa. 

WELSH, THOMAS HENRY, Power House 
Superintendent, Western Power Co. of 
Canada, Stave Falls, B. C., Can. 

WELTERT, JOSEPH, 562 Hudson St., New 
byork. Ni. Y 

*WENTWORTH, WILLIAM ORIN, In- 
structor, Electrical Engineering Dept., Co- 
lumbia University, New York, N. Y. 

WENTZ, JESSE FAUST, Electrical Engineer, 
Western Electric Co., Inc., 463 West St., 
New York, N. Y. 

WHEELER, BRIAN, Graduate’ Student, 
Westinghouse Elec. & Mfg. Co., East 
Pittsburgh; res., Wilkinsburg, Pa. 

WHITEMAN, CLARENCE F., Asst. to 
. Superintendent Service Dept., Cleveland 
Electric Illuminating Co., Cleveland, Ohio. 

*WIEGAND, HERMAN H. C.,_ Student, 
Electrical Engineering .Dept., Brooklyn 
Polytechnic Institute, 85 Livingston St., 
Brooklyn; res., New York, N.Y. 

WILDERMANN, OTTO, Development Work, 


Engg. Dept., Western Electric Co., Inc., 
463 West St., New York, N.-Y.; res., 
Carlstadt, N. J. 

*WILLARD, HARRISON EUGENE, 4722 


18th Ave., N. E., Seattle, Wash. 

*WILLITS, ELLIS JOSEPH, Junior Electrical 
Engineer, Bureau of Power & Light, 120 E. 
4th St., Los Angeles, Calif. 

WILLOUGHBY, FRED, JR., Electrical 
Draughtsman, New York Edison Co., 44 E. 
23rd St., New York, N.*Y. 

*WILLS, DAVID C., Student, Western Electric 
Co., Inc., Chicago; res., Oak Park, Ill. 

*WING, HENRY R., Technical Correspondent, 


Federal Electric Co., 8700 S. State St., 
Chicago, Ill. 

*WOLF, DAVID JOHN, Junior Electricai 
Engineer, Consumers Power Co., 236 W. 


Main St., Jackson, Mich. 

*WOLF, EZEKIEL, Electrical Engineer & 
Patent Attorney, Submarine Signal Corp., 
160 State St., Boston; res., Dorchester,Mass. 

WOODS, CARL R., Draftsman, Kansas City 

Power & Light Co., 1330 Grand Ave., Kansas 

City, Mo. 

WOODS, DAVID WALKER, JR., Student 
Engineer, Bell Telephone Co. of Penna., 
261 N. Broad St., Philadelphia, Pa. 

WOODS, STANLEY K,. Inspector, Brooklyn 
Edison Co., 561 Grand Ave., Brooklyn, N. Y. 

WU, TA MU, General Manager, Power Section, 

: Westinghouse Elec. & Mfg. Co., East Pitts- 

burgh; res., Wilkinsburg, Pa. 

*WURTHMANN, ARTHUR D., Engineering 
Dept., American Tel. & Tel. Co., 195 Broad- 
way, New York, N. Y. 

YARD, A. S., Meter Engineer, American Gas & 
Electric Co., 30 Church St., New York, N. Y. 

YONEZAWA, YOSOSHICHI, Electrical Engi; 
neer, Dept. of Communications, Japan, 
Mitsui & Co., 65 Broadway, New York, N. Vic 

*YOUNG, WILLIAM M., Assistant in Physics 
University of Illinois, 110 Physics Bldg., 
Urbana; res., Champaign, IU. 

ZEHR, GEORGE ANDREW, Electrical Engi- 
neering Assistant, The Niagara Falls Power 
Co., Niagara Falls, N. Y. 

*ZUELOW, FELIX WILLIAM, Test Course, 
General Electric Co., Schenectady, N. Y. 


Total 446 
*Formerly Enrolled Students. 


ASSOCIATES REELECTED FEBRUARY 7, 
1924 


BROWN, CLARENCE C., Fundamental Plan 
Engineer, The Bell Telephone Co. of Penna., 
261 N. Broad St., Philadelphia, Pa. 


Designer, Public Service Production Co., 

80 Park Place, Newark, N. J. 

HOCKLEY, WILLIAM, Engineering Dept., 
British Columbia Electric Railway OCo., 
Vancouver, B. C., Can. 

LINDELL, ARTHUR GEORGE, Foreman, 
Armature Dept., Goodman Mfg. Co., 4834 
Halsted St., Chicago, Il. 

VAN WYCK, JAMES R., Electrical Engineer, 

Viele, Blackwell & Buck, 49 Wall St., New 

York; res., Brooklyn, N. Y. 


MEMBER REELECTED FEBRUARY 7, 1924 


IVANOWSKI, GEORGE E., c/o Polish Me- 
chanics Co., Ine., 46 Marszalkowska St., 
Warsaw, Poland . 


MEMBERS ELECTED FEBRUARY 7, 1924 


BUCHER, GEORGE H., Asst. General Manager, 
Westinghouse Electric International Co., 
165 Broadway, New York, N.Y. 

CARLSON, ALFRED, Works Engineer, Singer 
Mfg. Co., Truman, Ark; for mail, Memphis, 
Tenn. 

COPELAND, W. GORDON, Electrical Engi- 
neer, Llinois Power & Light Corp., 230 8. 
Clark St., Chicago, Ill. 

DODD, MAYNARD, Engineer, Asst. Vice- 
President, Commercial Cable Co., Engineer, 
Commercial Cable Co., 253 Broadway, New 
York, N. Y. ’ 

FRAZIER, J. L., Hendrie & Bolthoff M. & S. 
Co., 1635-17th St., Denver, Colo. 

RICHARDS, CHARLES RUSS, 
Lehigh University, Bethlehem, Pa. 

SCHROEDER, HENRY, Asst. to Sales Manager, 
Edison Lamp Works, Harrison, N. J. 

WHITE, BYRON ELLSWORTH, Engineer, 
Utica Gas & Electric Co., 222 Genesee St., 
Utica, N. Y. 


President, 


TRANSFERRED TO GRADE OF FELLOW,; 
FEBRUARY 7, 1924 


CLARK, WALTER G., Comsulting Engineer, 
New York, N. Y. 

JEFFERIES, ERNEST SMITH, Electrical Engi- 
neer, Steel Company of Canada, Ltd., Hamil- 
ton, Ont. 

JEFFREY, FRASER, Electrical Engineer, Allis- 
Chalmers Manufacturing Co., Milwaukee, 
Wis. 

STRATTON, SAMUEL W.. President, Massa- 
chusetts Institute of Technology, Cambridge, 
Mass. 


TRANSFERRED TO GRADE OF MEMBER 
FEBRUARY 7, 1924 


FREDERICK, HALSEY A., Electrical Engineer: 
Research Department, Western Electric Co. 
New York, N. Y. 

KENNEDY, COLIN B., President, Colin B. 
Kennedy Corp., St. Louis, Mo. 

MOMMO, ERNST J,, Laboratory Assistant, 
Public Service Electric Co., Irvington, N. J. 

PURINTON, RALPH B., Electrical Engineer, 
General Electric Co., Chicago, ll. 


RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its meeting held 
February 1, 1924, recommended the following 
members for transfer to the grade of membership 
indicated. Any objections to these transfers 
should be filed at once with the Secretary. 

To Grade of Feliow 
McCANN, WILLIAM R., Electrical Engineer, 
Stone & Webster, Boston, Mass. 
SHEPARD, FRANCIS H., Director of Heavy 
Traction, Westinghouse Electric & Mfg. Co., 
New York, N. Y. 
To Grade of Member 
AHLBORN, GEORGE H., Industrial Engineer, 
Kansas Gas & Electric Co., Wichita, Kans. 
BUTCHER, WILLARD F., Senior Engineer, 
New York & Queens Electric Light & Power 
Co., Long Island City, N. Y. 


Kansas City Power & Light Co., Kansas 
City, Mo. : ; 
VANDERPOLL, JAN A., Assistant Field Engi- 
neer, Westinghouse Electric & Mfg. Co., 

New York, N. Y. 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admis- 
sion as an Associate. If the applicant has applied 
for direct admission to a higher grade than Asso- 
ciate, the grade follows immediately after the 
name. Any member objecting to the election 
of any of these candidates should so inform the 
Secretary before February 29, 1924. 


Alberts, E. G., Bureau of Power & Light, Los 
Angeles, Calif. 

Alford, E. C., Jr., Portland Rwy. Lt. & Pr. Co., 
Portland, Ore. 

Allen, B. G., Lakin-Allen Electric Co., Detroit, 
Mich. 

Allen, M. ©., Long-Bell Lumber Co. & Longview 
Public Serv. Co., Longview, Wash. 

Alrich, J. D., General Electric Co., Schenectady, 
INE WE 

Ames, W. E., Dept. of Street Railways, Detroit, 
Mich. 

Apikian, G., (Member), New York Edison Co., 
New York, N. Y. 

Argabrite, C. C., Interstate Public Service Co., 
Indianapolis, Ind. 

Ashton, L. E., Hydro-Electric Power Commission, 
Verdun, Montreal, Que. 

Badger, H. L., Bell Telephone Co. of Pa., Phila- 
delphia, Pa. 

Baumer, H. W., Tech. Exam. of Efficiency, City 
of Chicago, Chicago, Il. 

Bellows, R., Paulsen Spence Co., New York, N. Y. 

Bernhard, F. S., Western Electric Co., Inc., 
New York, N. Y. 

Bergenstrahle, K. I. L., 
Schenectady, N. Y. 

Blain, R., 7th Corps Area, Signal Corps, U.S. A., 
Omaha, Neb. 

Blee, P. J., General Electric Co., Ft. Wayne, Ind. 

Boasen, F. D., Public Service Co. of Oklahoma, 
Guthrie, Okla. 

Borgmann, C., Western Electric Co., Inc., New 
York Ni iY: 

Bowman, C. F., Purdue University, W. Lafayette, 
Ind. 

Breckenridge, W. T., American Tel. & Tel. Co., 
New York, N. Y. 

Brooks, J. W., Pass & Seymour, Inc., Solvay, 
ONT ec 

Brown, B., Bliss Electrical School, Takoma Park, 
Washington, D. C. 

Brown, C. W., Short Hills, N. J. 

Brown, J. M., Lehigh Valley Railroad, Sayre, Pa. 

Brown, P. L., Radio Business, Riverhead, N. Y. 

Brown, R. ©,, Dept. of Street Railways, Detroit, 
Mich. 

Browne, W. A., Government Printing Office, 
Washington, D. C. 

Burbank, E. W., (Member), Allis-Chalmers Mfg. 
Co., Dallas, Texas 

Burke, A. C., Victor X-Ray Corp., Dallas, Texas 

Burns, G. J., Rome Wire Co., Buffalo, IN. Nes 

Byrd, W. M., Phoenix Utility Co., Memphis, 
Tenn. 

Caldwell, D. K., Bureau of Power & Light, Los 
Angeles, Calif. 

Callahan, E. 8., Consolidated Tel. & Tel. Subway 
Co., New York, N. Y. 

Carlson, J. W., Western Electric Co., Inc., New 
Works iNe. Yi: 

Carritt, J. G., Rochester 
Rochester, N. Y. 

Chandler, L. F., Teacher, High School, Blythe, 
Calif. 

Chang, P. D., General Electric Co., Schenectady, 
INI, Mo 


General Electric Co., 


Telephone Corp., 
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Charleswood,"'S. G., Indiana Service Co., Ft. 


Wayne, fiid. 
Chen, Y., Ford Motor Co., Highland Park, Mich. 
Chilberg, E. E., General Electric Co., Schenec- 


- SUENGIas INTS SE 
Child, R. L., 640 Eastern Parkway, Brooklyn, 
ANG Ye 
Clymer, CO. C., General Electric Co., Schenectady, 
INREY) 
Coan, J., Rocky Mountain Fuei Co., Lafayette, 
Colo. 
Cole, E. R., Acheson Graphite Co., Niagara Falls, 
SINE RY. 


Colebrook, H. F., City of Winnipeg Hydro-Hlec. 
System, Winnipeg, Manitoba 

Collett, C. D., Victor X-Ray Corp., Dallas, Texas 

Conn, J. 8., General Electric Co., Pittsfield, Mass. 

Connell, H. W., (Member), Consulting Engineer, 
Baldwinsville, N. Y. 

Connolly, W. J., Stone & Webster, Inc., Boston, 


Mass. : 

Corson, A. J., General Electric Co., W. Lynn, 
Mass. | 

Craig, A. C., Bell Telephone Co. of Pa., Phila- 
delphia, Pa. : 

Cramer, Oris H., Westinghouse Elec. & Mfg. Co., 
Chicago, Ill. 


Creaser, I., Rolls-Royce Co. of America, Inc., 
East Springfield, Mass. 

Dalton, W. J., Brooklyn Edison Co., Brooklyn, 
IN) as 

Damrau, E. A., The Okonite Co., Pittsburgh, Pa. 

Davidson, A., 10 W. 133rd St., New York, INGRY as 

Darst, J. M., (Member), Elec. Vacuum Cleaner 
Co., Inc., Cleveland, Ohio 

Dawson, G. L., Nat’l. Advisory Comm. for 
Aeronautics, Langley Field, Va. 

DeCamp, H., Westinghouse Elec. & Mfg. Co. 
East Pittsburgh, Pa. 

Diener, E. E., Philadelphia Electric Co., Phila- 
delphia, Pa. 

Diggs, D. M., (Member), International General 
Elec. Co., Schenectady, N. Y. 

Doble, B. H., Victor X-Ray Corp. of Texas, 
Dallas, Texas 


Dodson, H. I., (Member), Northwestern Bell 


Tel. Co., Omaha, Neb. 

Dow, A. L., Hydro Electric Engineer, Ayer, Mass. 

Dudley, H. W., Western Electric Co., New York, 
ING Vic 

Eberle, W. R., Radio Corp. of America, New York, 
Ife YE 

Edward, G. W., (Member), Morganite Brush Co., 
Inc., New York, N. Y. 

Edwards, L. L., Halcomb Steel Co., Syracuse, 
INE So 

Elftman, J. D., Public Service Co. of Colorado, 
Boulder, Colo. 

Elliott, W. N., N. Slater Co., Ltd., Hamilton, 
Ont. 

Ellis, D., Westinghouse Elec. & Mfg. Co., Hast 
Pittsburgh, Pa. 

Faris, A. W., Purdue University, W. Lafayette, 


Ind. 

Firth, C. J., Philadelphia Electric *Co., Phila- 
delphia, Pa. 

Fischer, G. H., Philadelphia Electric Co., Phila- 
delphia, Pa. 


Franklin, C. W., (Member), United Elec. Lt. 
& Pr. Co., New York, N. Y. 

Fraser, H. E., Electrical Laboratory, Royal Oak, 
‘Mich. 

Freeman, 8., 634 W. 135th St., New York, N. Y 

Friedrich E. J., Columbus Railway, Power & 
Light Co., Columbus, Ohio 

Frisbie, H. I., Toltz, King & Day, Inc., St. Paul, 
Minn. 

Gamble, G. P., General Electric Co., Boston, 
Mass. 
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Ft. Wayne, Ind. 
D. C. Pyke C. A. Pfleiderer, Jr., Telephone 


J. G. Pertsch, Jr. 


Building, Indianapolis, Ind. 


Geo. F. Bason, Cornell Univer- 
sitv, Ithaca, N. Y 


R. L. Weber G. E. Meredith, Kansas City Pr. 
& Lt. Co., Kansas City, Mo. 
H. G. Harvey G. W. Brooks, Penna. Power & 


E. R. Stauffacher 


L. E. Smith 


. E. Wagner 
. K. Lewis 


. H. Mortensen 


. F. Morehouse 
. M. Fariss 


. B. Coyle 


Light Co., Allentown, Pa. 

O. F. Johnson, 740 S. Olive St., 
Los Angeles, Calif. 

R. B. Hussey, General Electric 
Co., River Works, West Lynn, 
Mass. 

R. G. Walter, 900 Gay Building, 
Madison, Wis. 

E. F. Lopez, Fresno No. 111, 
Mexico, D. F., Mexico 

H. L. Smith, Louis Allis Co., 133 
Stewart St., Milwaukee, Wis. 

N. W. Kingsley, N. W. Bell Tele- 
phone Co., Minneapolis, Minn. 

E. B. Meyer, 80 Park Place, 
Newark, N. J. 

A. D. Stoddard, Box 382, Bartles- 
ville, Okla. 

M. P. Benninger, Box 174, Bal+ 
boa Heights, C. Z 


Missouri, Univ. of, Columbia, Mo. M. P. Weinbach 
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LIST OF BRANCHES 
Name and Location Chairman Secretary 
Alabama Poly. Inst., Auburn, Ala. R. C. Dickerson J. W. Bates 
Alabama, Univ. of, University, Ala. C.S. Carlton W. F. Graham 
E Arizona, Univ. of, Tucson, Ariz. Roy Osborne Edward Moyle 
Arkansas, Univ. of, Fayetteville, Ark. J. A. Cunningham C. E. Bowman 
Armour Inst. of Tech., Chicago, Ill. D.E. Richardson J. S. Farrell 
Brooklyn Poly. Inst., Brooklyn, N. Y. H. B. Hanstein J. E. Loerch 
Bucknell Univ., Lewisburg, Pa. E. S. Hopler F. H, Brown 
California Inst. of Tech., Pasadena R. O. Elmore M. L. Beeson 
California, Univ. of, Berkeley, Calif. S. W. Scarfe F. E. Hurt 
Carnegie Inst. of Tech., Pittshurgh, 
Pa. W. J. Lyman R. A. Garbett 
Case School of Applied Science, Cleve- 
land, O. H. P. Davis George Geyser 
Cincinnati, Univ. of, Cincinnati, O. J. F. Morrissey C. B. Hoffmann 
Clarkson Coli. of Tech., Potsdam, 
INE MG ; L. L. Merrill E. T. Augustine 
Clemson Agri. College, Clemson Col- 
lege, S. C. R. W. Pugh O. A. Roberts 
Colorado State Agri. Coll., Ft. Collins Frank Ayres Lyndall Hands 
Colorado, Univ. of, Boulder, Colo. M. B. Inman C. V. Roberts 
Cooper Union, New York E. J. Kennedy A. W. Carlson 
Denver, Univ. of, Denver, Colo. Cc. G. Diller Ray Hoover 
Drexel Institute, Philadelphia, Pa. H, Shelley D. L. Michelson 
Georgia School of Tech., Atlanta, Ga. R.A. Goodburn J. A. Minor 
Iowa State College, Ames, Iowa A. Paone R. E.. Paxton 
Iowa, Univ. of, Iowa City, Iowa P. A. Stover J. M. Dean 
Kansas State College, Manhattan V. O, Clements W. K. Lockhart 
Kansas, Univ. of, Lawrence, Kans. H. A. Hudson R. M. Ryan 
Kentucky, Univ. of, Lexington, Ky. K.R. Smith J. D. Taggart. 
Lafayette College, Easton, Pa. Wm. Welsh J. B. Powell 
Lehigh Univ., S. Bethlehem, Pa. E. W. Baker D. C. Luce 
Lewis Institute, Chicago, Il. E. Millison C. P. Meek 
Maine, Univ. of, Orono, Me. H. L. Kelley H. E. Bragg 
Marquette Univ., Milwaukee, Wis. E. O. Triggs N. W. Hoffman 
Massachusetts Inst. of Tech., Cam- 
bridge, Mass. G. P. Davis BS J; Hecht, Jr. 
Michigan Agri. Coll., East Lansing S. N. Galbraith V. O. Bernthal 
Michigan, Univ. of, Ann Arbor, Mich. C. C. Farnum K. W. Richards 
Milwaukee, Engg. School of, Mil- 
waukee, Wis. I. L. Illing A. U. Stearns 
Minnesota, Univ. of, Minneapolis L. McLeland Fred Kapple 


Montana State Coll., Bozeman, Mont. Jack Cowan J. A. Thaler 
Nebraska, Univ. of, Lincoln, Neb. O. J. Ferguson O. E. Edison 
Nevada, Univ. of, Reno, Nev. Robert Plaus G. Fowble 


Be eee State College, Raleigh, 


G 
D 
Ss) 
H. W. Meyer 
L 
Ak 
F 
R 


. B. Mateer R. H. Silbert, Philadelphia Elec. 
Co., 2301 Market St., Phila- 


delphia, Pa. 


O. Needham M. E. Skinner, Duquesne Light 
Co., Pittsburgh, Pa. 

E. D. Treanor J. R. Rue, General Electric Co., 
Pittsfield, Mass. 

E. F. Pearson H. P. Cramer, Portland Ry. Lt. 
& Pr. Co., Electric Bldg., 
Portland, Ore. 

H. A. Stanley F. N. Tompkins, Brown _Univer- 
sity, Providence, R. I. 

W. S. Burch Elmer E. Strong, 523 Commerce 


J. M. Chandlee 
J. A. Koontz, Jr. 
R. C. Muir 


Cc. A. Lund 
Wm. C. Bell 
E. R. Hannibal 


J.{M. Newton 
R. D. Whitney 
Gilbert Southern 
C. E. Schwenger 


E. B. Paine 
C. R. Higson 
F. W. MacNeill 


L. M. Evans 


Tb. eierce 


Building, Rochester, N. Y. 

Lee S. Washington, 717 S. 12th 
St., St. Louis, Mo. 

A. G. Jones, 807 Rialto Building, 
San Francisco, Calif. 

C. M. Cogan, Lighting Engg. 
Dept., General Electric Col, 
Schenectady, N.Y. . 

J. Hellenthal, 606 Electric Bldg., 
Seattle, Wash. 

Harold C. Leonard, P. O. Box 
1194, Richmond, Va. 

James S. McNair, Washington 
Water Power Co., Spokane, 
Wash. 

J. Frank Murray, United Elec. 
Lt. Co., Springfield, Mass. 
Walter C. Pearce, 421 S. Warren 

St., Syracuse, N. Y. 

Max Neuber, 1257 Fernwood 
Ave., Toledo, O. 

D. B. Fleming, Hydro Elec. 
Power Commission, 190 Univ- 
ersity Ave., Toronto, Ont. 

Charles T. Knipp, University of 
Illinois, Urbana, Ill. 

Hiram W. Clark, 400 C. & CG. 
Bldg., Salt Lake City, Utah | 

A. Vilstrup, B. C. Electric Rail- 


way Co., 425 Carroll St.. 
Vancouver, B. C. ‘ 
Se oa kLonn, Commercial 
National Bank Bldg., Wash- 
ington, D. C. 
Stuart M. Anson, 1005 Park 


Bldg., Worcester, Mass. 


Z. M. Harry P. M. Sullivan 

North Carolina, Univ. of, Chapel Hill L. P. Brown H.C. Klingenschmitt 
North Dakota, Univ. of, University S. J. Nogosek T. E. Lee 
Northeastern Univ., Boston, Mass. L. E. Hubby E. G. Crockett 
Notre Dame, Univ. of, Notre Dame, - 

Ind. Frank Egan K, Faiver 
Ohio Northern Univ., Ada, Ohio Arthur Upp A. D. Beck 
Ohio State Univ., Columbus, O. L. S. C. Neeb J. M. Comly 
Oklahoma A. & M.Coll., Stillwater 1. T. Knight B.C. Todd 
Oklahoma, Univ. of, Norman, Okla. R. B. Greene M. F. Hill 
Oregon Agri. Coll., Corvallis, Ore. M. P. Bailey E. E. Bricker 
Pennsylvania State College, State 

College, Pa. H. O. Alexander Leon Lentz, Jr. 
Pennsylvania, Univ. of, Philadelphia. G V. Cresson O. Ortlieb 
Pittsburgh, Univ. of, Pittsburgh, Pa. G. H. Campbell F. Wills 
Purdue Univ., Lafayette, Ind. E. T. Obenchain L. R. Bridge 
Rensselaer Poly. Inst., Troy, N. Y. F. M. Sebast B. R. Chamberlain 
Rose Poly. Inst., Terre Haute, Ind. D V. Eichen R. B. Bennett 
Rutgers College, New Brunswick, 

N. J. E. G. Riley E. J. Butler 
Southern California, Univ. of, Los ; 

Angeles, Calif. E. Heath W. G. Angermann 


Stanford Univ., Stanford University, 


Calif. H. Bumbaugh G. R. Stray 
Swarthmore Coll., Swarthmore, Pa. A. L. Williams S. R. Keare 
Syracuse Univ., Syracuse, Nay E. J. Agnew J. G. Hummel 
Tennessee, Univ. of, Knoxville, Tenn. E. Eubanks W. T. Elliott 
Texas A. & M. Coll., College Station H. C. Hultgren A. A. Ward 


Texas, Univ. of, Austin, Tex. 
Utah, Univ., of, Salt Lake City, Utah I. J. Kaar 


W. K. Sonnemann 
M. B. McCullough 


Virginia Military Inst., Lexington J. M. Yates a Balacve it 
Virginia Poly. Inst., Blacksburg, Va. F. L. McClung E. M. Melton 
Virginia, Univ. of, University, Va. |. S. Martin, Jr- Janis McNair 
Washington, State Coll. of, Pullman L. Muzzy W. R. Davis 
Washington Univ., St. Louis, Mo. A. B. Newell H. J. Schwenk 
Washington, Univ. of, Seattle, Wash. E. A. Kraft E. T. Naden 
West Virginia Univ., Morgantown O. A. Brown James Copley 
Wisconsin, Univ. of, Madison, Wis. E. J. Thomas G. E. Bean 


Yale Univ., New Haven, Conn. 
Total 73 


W. C. Downing, Jr. O. B. Skinner 


310 


evonensureentevvvusquuennvvoe4isuucdeeeenssoUeeeese4QQ0000COC040 100 OUESUUU C00 URRE EEUU Ree 


CT 


SV 


NEW CATALOGUES AND OTHER PUBLICATIONS 
Muiled to interested readers by issuing companies. 


Indicating Instruments.—Booklet C 1664, 24 pp., “Indi- 
cating Instruments for Direct and Alternating Currents.” 
Westinghouse Electric & Mfg. Company, East Pittsburgh, Pa. 


Switchboards.—Bulletin 25, 16 pp. Describes “Bull Dog” 
Super Safety Switchboards, industrial type, Model Dead Front 
5. Mutual Electric & Machine Company, Detroit, Mich. 


Line Materials.—Catalog 24, 240 pp. A comprehensive, 
loose-leaf catalog, with binder, describing transmission and dis- 
tribution line materials, including street fixtures and accessories 
and primary and secondary fuses. Line Material Company, 
South Milwaukee, Wis. 


Electrical Porcelains.— Booklet, 16 pp., ‘Judging One by the 
Company He Keeps.” Illustrates the porcelain parts fur- 
nished to a number of prominent users in the electrical industry. 
The R. Thomas & Sons Company, East Liverpool, O. 


D. C. Transformer.—Folder, 4 pp. Describes a transformer 
for reducing direct current from commercial lighting circuits to 
low-voltage direct current, to be used for operating annunci- 
ators, elevatoi signals, alarms, ete. Gisholt Machine Company, 
Madison, Wis. : 


Electric Railways.— Booklet, 54 pp., ‘‘A Brief Outline of the 
Development and Progress of the Electric Railway Industry.”’ 
The book sets forth the history of the electric railway industry 
and is profusely illustrated. It describes the equipment and ser- 
vice of the company available in this field. Westinghouse Elec- 
tric & Mfg. Company, East Pittsburgh, Pa. 


Meter Testing Devices.—Bulletin 728 describes blocks for 
testing self-contained meters without interruption to consumer 
service. Bulletin 940 deseribes switches for testing meters. 
Bulletin A10 describes metal meter devices designed for use in 
conjunction with testing switches and blocks manufactured by 
the company. The Superior Switchboard & Devices Company, 
Canton, Ohio. ~ 


NOTES OF THE INDUSTRY 


The Ohio Brass Company recently purchased approxi- 
mately five acres of land and buildings just across the Pennsyl- 
vania Railroad tracks from its preseat Mansfield, Ohio, plant. 
The tract is triangular in shape and is bounded by three trunk- 
line railroads, the Pennsylvania, Hrie, and Baltimore & Ohio. 
The purchase was made from the Aultman-Taylor Machinery 
Company. 


Killark Electric Manufacturing Company, St. Louis, 
Mo.—Three new sales agencies have been established as follows: 
E. G. Hohs, 155 Colbeck St., Toronto, Ont., Canada, has been 
appointed sales agent in the province of Ontario. G. L. Mac- 
Gillivray & Co., Ltd.,3 St Nicholas St., Montreal, Que., Canada, 
have been appointed sales agen s in the provinces of Quebec, 
New Brunswick and Nova Scotia, and George G. Young & 
Company, Bourse Building, Philadelphia, have been appointed 
sales agents in eastern Pennsylvania, southern New Jersey and 
Delaware. : 


Russian Order for Farm Power Plants.—The Russian 
Soviet Government has ocdered from the Westinghouse Electric 
& Manufacturing Company through the Allied American Cor- 
poration, five sample E-63, 1500 watt, 110-volt, self-contained 
lighting and power plants. The plants will be used in the richest 
agricultural district in Southeast Russia, to which district the 
Allied American Corporation has already shipped 800 Fordson 
Tractors. This is a trial order to be followed by another for 
several hundred more plants if the first are satisfactory. 
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Large Circuit Breaker Order.—An order for oil cireuit 
breakers was recently placed with the General Electric Company 
by the Public Service Production Company of New Jersey, 
covering 27 type FHK-130 triple-pole, single-throw, 15,000-volt, 
3000 ampere soleroid operated, isolated phase units. These are 
to be furnished with necessary gang-operated disconnecting 
switches. The equipment will be installed in a station at New 
Kearny, N. J. The various phases will be mounted vertically. 
This vertical isolated phase arrangement is being adopted by 
many of the large central stations. . The oil circuit breakers have 
an interrupting capacity of one million and a half kv-a. 


New Power Plant for Columbus Public Utility.—The 
Columbus Railway Power & Light Company is planning the 
erection of a new 150,000-kilowatt station to be installed about 
ten miles from Columbus, Ohio. This station will supply power 
for railway, lighting and industrial purposes to the immediate 
district, and is laid out for five 30,000-kilowatt turbine generator 
sets, two of which have been ordered from the General Electrie¢ 
Company. In addition to this equipment, the General Electric 
Company will also furnish seven 12,500 ky-a. self-cooled trans- 
formers and complete switchboard of the benchboard type of 
construction. 


The Packard Electric Company, Warren, O., expect to be- 
gin operations on March 1, in a new plant, which has been built 
for manufacturing transformers and which will practically quad- 
ruple its previous capacity. All of the activities of the trans- 
former division will be confined to this plant. The old plant will 
be remodeled and given over entirely to the manufacture of 
Packard automotive cables. The transformer line includes a 
complete range of distribution transformers, power transformers 
up to 10,000 ky-a. capacity, weatherproof metering transformers, 
and in addition, transformers for all special applications such as 
furnace work, refrigerating service, ete. 


The Mutual Electric & Machine Company, Detroit, 
Michigan, manufacturers of ‘‘Bull Dog”’ safety switches, switch- 
boards, and panelboards, announce the purchase of the plant of 
the Aluminum Castings Company. This property faces 500 feet 
on Joseph Campau Avenue, adjacent to Dodge Bros. plant, and 
is 860 feet in depth. It comprises about eight acres, four acres 
under roof, one-story, fire-proof construction, and has ample 
siding facilities. The Mutual Company plans to yacate its 
two present plants at once and move its entire organization 
and equipment into the new factory. Increased space, and better 
manufacturing and shipping facilities will enable the company 
greatly to increaseits production of electrical equipment, which is 
widely distributed in this and other countries. The officers of the 
Mutual Electric & Machine Company are H. J. L. Frank, 
President; Leon H. Frank, Secretary; F. M. Ferguson, Treasurer. 


Western Electric Company, New York.—A number of con- 
tracts have been let for materials and their installation in the 
several units of the Western Electric telephone, switchboard and 
cable works, now under construction on the company’s 60- 
acre tract at Kearny, N. J.- The new contracts amount to 
about $60,000 for furnishing and installing transmission cable 
conduit and fiber duct systems, electric light conduit and wiring 
system, ete., have been awarded to J._P. Hall-Smith, New 
York City. Almirall & Company, New York City, will furnish 
and install the forced hot water system, exhaust system, piping 
supports and pressure blower systems for the cable buildings at a 
cost of about $91,000. The Turner Construction Company has 
been awarded contracts totaling about $80,000 for materials 
and installation. 

The cable buildings, which are a part of the works, where 
ultimately 30,000 men and women will be employed will be 
completed and put in operation this fall. wan 


